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RETINAL CIRCULATION 


‘IME WITH THE AID OF 


FUNDUS CINEPHOTOGRAPHY* 


Mitton M.D., 
San Francise 
In 1957, Chao and Flocks' described a 
method of determining the circulation time 


of the cat retina using intracarotid artery 


injections of trypan blue, an ophthalmoscope, 


and a stop watch. With their technique they 


found the cat retinal circulation time to be 


approximately two seconds. 


They suggested 


that, :f more innocuous indicator solutions 


could be used, the method could possibly be 
adapted for use in human | 

If 
ophthalmoscope, the retina appears dark put 


he When in 


travenously injected fluorescein reaches the 


eIngs 


a cobalt-blue filter is inserted in the 


ple in color and t ssels black 


central retinal artery, it lights up the artery 
to a fluorescent yellow if viewed through the 
cobalt-blue filter. Howev: the end-points, 
the exact moment when the fluorescein enters 
the retina via branches of the central retinal 
irtery and the exa oment when the 
fluorescein leaves thi is it crosses the 
disc margin via branches of the central 
retinal vein, are not as sharp as when trypan 
blue is used in the irotid artery. Conse 
quently, when using the intravenous fluores 
cei technique with the phthalmoscope, the 
circulation time readings are not as accurate 
Che idea was conce ed that the end points 
could be ascertained more precisely by means 
of motion-picture hotography using a 
motion-picture filt iewer and editor to ex 
amine leisurely the lividual frames of the 
fils With this technique the unavoidablk 
error due to the reactior e of the person 
pressing the stop \ h we | be eliminated 
e D gv, Dey 
ment Surge ersity School 
Med e. J Ss inves i s ed by Re 
search Grant B-873 x0), ates Publi 
Health Service. Pres I etore the West 
ern Secti Nove é 18, 1958, at San Frar 


Jonn Mitter, M.D., 


AND PETER CHAO, M.D. 


, California 


and, in addition, 


of 


objec tive 
of the 


a permanent 


record the circulation time and 


retinal circulation would be obtained. 


MATERIALS AND METHODS 


Pavia’ first adapted a Zeiss-Nordenson 
fundus camera for moving pictures in 1933. 
For the present experiment a Cine Special 
16-mm. movie camera was adapted to fit a 
Zeiss-Nordenson fundus camera 

The still-film housing was removed from 
A 


a 20-diopter lens and a 


the focusing tube of the fundus camera. 
fitting containing 
Wratten-2B filter was then fixed in this tube. 
The lens was necessary to reduce the image 
to 16-mm. film, thus retaining the same field 
as had previously been obtained on 828 film 
The Wratten-2B filter 
Credinnick found useful as an ultra 


as indicated by 
was 
violet-absorbing filter. 


The table 
modified 


for the fundus 
hold 
Cine Special and fundus camera. The Cine 


A 


t the lens mount of 


camera Was 


to separate mounts for the 


Special was mounted without a lens. 


rubber tube fastened a 


the camera fit over the focusing tube of the 


fundus camera. Focusing was then easily 


effected by adjusting the tube while viewing 
reflex window of the Cine 


through the 


Special. 

The carbon arc light of the fundus camera 
was filtered by a cobalt-blue filter (found 
by trial and error to be satisfactory). 

\ 


film was used and processed at an emulsion 
100, 


l6-mm. daylight Super Anscochrome 


speed of A speed of 20 frames per 
second was found to give the best exposure. 

Adult cats were anesthetized with 120 mg 
of intraperitoneal nembutal. Their pupils 


A 


cut down was performed on the femoral vein 


were dilated with five-percent atropine 


— 
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Fig. 1 (Flock 


s, Mille f 


and Chao) 


and a No, 20 polyethy lene tube was inserted 
A 50-cc. 


was connected by way of a three-way stop 


syringe containing normal saline 


CO k to ke ep the cut dow n open 


The arcs were started and when the cat 


was positioned and the image of the fundus 
was focused in the viewer of the Cine Spe 


cial, the camera was started, and two ce. of 


10 percent sodium fluorescein was injected 
rapidly through the cut down 

liming was done by a paddle six degrees 
in width turned by a 30 rpm synchronous 
motor which intersected the light beam be 


tween cat and camera one time per second 


This marked the movie film at one-second 
intervals. 
Using a 16-mm. movie editor with an 


attached frame counter the number of 


JOHN MILLER 


Apparatus for fundus ¢ 


AND PETER CHAO 


inephotograp 


frames per second and the number of frames 
per arteriovenous circulation could easily be 
counted 
RESULTS 
he 


retinal arterioles and then entering the veins 


fluorescein coursing through — the 


makes a beautiful motion picture which 


allows the dynamics of the retinal circula 
tion to be studied at leisure. 

Six of the 10 cats studied with fluorescein 
had pictures clear enough so that the circula 
circulation times could be 


tion and the 


studied well. In four cats the pictures were 
inadequate because of poor focus or insufh 
cient light. The circulation time of five of the 
six cats varied between 1.16 and 2.0 seconds 


The other cat (No. 10) done twice with the 


>? 


same anesthesia had a circulation time of 3.3 


i. 
4 * 


RETINAL CIRCULATION TIMI 


3 (Flocks, Miller, and Chao). Fluorescein 
has entered the retinal arterioles 


Fig. 2 (Flocks, Miller, and Chao). Cat Fig 


retina prior to injectior 


seconds the first time and 0.9 seconds the Which are not obscured by the intravenous 


route of injection as they might be by the 


second, 

intracarotid route where injection would di 
Cat NUMBER CIRCULATION rectly alter arterial pressure. Continuing 

l 1.28 studies should further elucidate this point. 
- 2.00 As this technique of studying the retinal 
; one circulation is further developed it may prove 
6 1.80 to be an invaluable tool for the study of the 
10 3.33 (and 0.9) effect of drug changes in intraocular pres 
sure and of retinal disease on the retinal 

Circulation times using intracarotid injec circulation 


tion of trypan blue were photographed on 


several occasions. It was found that the cir SUMMARY 


culation time could be increased by more A technique of determining the retinal cir 
forceful injection into the artery culation time using intravenous fluorescein 

wo attempts to determine the retinal cit and fundus cinephotography is described. 
culation times in human beings using motion [he results indicate that the retinal circu 
pictures were unsuccessful because of in lation time of cats is somewhat faster and 


sufficient light. Motion pictures of the retina 
of cats are much easier to make than motion 
pictures of the human retina. We are cur 
rently trying to improve the optical system 
of our apparatus so that this method can be 
applied to the study of the human retinal 


circulation time 


LOM MENT 


The large spread of circulation times us 
ing this method in comparison to the rela 


tively uniform circulation times obtained by 


intracarotid injection of trypan blue method 
is interesting. We can speculate that it re eee - 
Fig. 4 (Flocks, Miller, and Chao). Fluorescein 


tlects physiologic variations in circulation returning in retinal veins 


| 
“Sy 
“4 
tig 
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not as uniform as formerly thought. The 


motion picture technique affords a perma 


nent objective record of the animal's retinal 


JOHN MILLER 


AND PETER CHAO 


circulation which can be studied at leisure 


Clay and Webster Streets (15) 
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STIMULUS ORIENTATION AND THRESHOLD 


FRANK W 
Inge 
An old and puzzling problem of visual 
acuity studies is raised anew in a recent 
article by Ogilvie and Taylor (1958) who 


report that the threshold for very fine wires 
is lower in the vertical and horizontal than 
state that 


in the oblique orientation 


the analysis of variance indicates significant 


differences not only among the various di 
rections of the wire but also among the five 
This 
now well established, having been found by 
tech 


eves tested orientation preference 1s 


a number of workers using different 


niques. Ogilvie and Taylor cite six papers, 


which cite many others and I have twice 


encountered similar results in experimental 


work. A satisfactory explanation has, how 


Sines workers 


most 


ever, proved difhcult 
have taken the obvious precaution to exclude 


eves with “clinical” astigmatism, some have 


ven forced, rather unhappily, to conclude 
f tl hap] t lud 


that it is not an optical phenomenon. Thus 


Leibowitz (1953) suggests that merid 


ional differences originate in part from 


factors of origin.” 


Possible 


retinal o1 post retinal 


nonoptical explanations, however, 


Los 
before the 
San 


Angeles College ot 
Western Section, 


Francisco 


*From the 
Presented 
1958, at 


(Optometry 


November 


| , NOW a men ber ot 
Medical Group, Woodland 


* I wish to thank Dr 


the Woodland Clinic 


Calitornia, for the use of a report prepared over 30 
years ago, yet so well organized and presented 
that the data were readily analyzed for the present 


purpose. | pensation for 


trust that this is some 
the frustration we then 


experienced in trying 


results 


interpret the 


retinal circulation time. Am. ] 
tografia del fondo da oja. Su 


photography in color 


WeEyY 


Ophth., 46:8-10 (July, Pt. IT) 1958 


tenica y su objecto. Revista oto-neuro-oftal 


Biol. Illustrations, 5:217, 1955 


Med 


AN OPTICAL ANALYSIS 


MouTH, PH.D 


, Caltforma 


have been vague and not particularly con 


vincing, as, for example, some sort of 


in the retinal organization (“retina 


1937) or 


“grain” 


astigmatism” of Shlaer, the sup 


posed psychologic effect of the greater prev 


alence of vertical and horizontal lines in 


nature 


(ORIENTATION PREFERENCE AND DIFFICULTY 


OF OBSERVATION 


occurrence of 


Additional 


orientation preference is unnecessary but un 


proof of the 


and a former 
M.D.., 


in which the pref 


publishe d data obtained by nit 


student, Oscar C. Railsback, throw 


some light on the manner 


arises. A 


made on 


number of observations 


erence 


were 1 small photographically re 


produced line, or rather narrow rectangl 


5 meters subtended 2.11 by 0.55 


which at 7 
four 


minutes of are. This was exposed in 


orientations at distances up to 10 meters and 
answers required on the direction of the lin 
correct ind = imecorrect 


able 1 


plotted as a function of the angular length 


The numbers of 


answers are given in In Figure 1 are 


of the stimulus the percentage of correct 


answers for all orientations and the pet 


centage of correct answers for the vertical 


position only 


The correct answers of course increas¢ 


with the increase in the angular length of 


the stimulus; it will be noted that the pet 


centage for the vertical line is slightly but 


not significantly greater than that for all 


—. 


STIMULUS ORIENTATION AND THRESHOLD / 


rABLE 1 


NUMBERS OF CORRECT AND INCORRECT ANSWERS 


Orientation 
Distance Angul ir Le th Sum ot No. of In- 


gth - rotal 

m mi Left | Right Hori Correct correct _— 

Verti il 
Oblique Oblique zontal 

2.108 44 53 51 49 197 23 220 

8.0 1.977 $1 51 48 37 177 43 220 

8.5 1.860 37 49 34 25 145 75 220 

9.0 1.757 20 38 25 22 105 115 220 

9.5 1.664 18 10 17 16 91 129 220 

10.0 1.581 6 10 6 4 56 164 220 
answers at the largest size of the stimulus, — the stimulus easiest to recognize, the number 
but that for the smaller stimuli the pet of correct answers for the vertical is ap- 
centage is markedly and significantly greater proximately the 25 percent to be expected for 
than that for all positions. The chi-squar« one position in four, whereas for the stimu 
test indicates that the distribution of answers lus most difficult to recognize, 72 percent 
among the different positions for the largest were vertical. The chi-square test shows that 
stimulus could have happened by chance this distribution of answers between the ver 
about three times in 100 but for the smallet tical and all other positions might be ex 


stimuli less than on n 1,000 times. It will pected by chance less often than once in 


be noted that in the present case the prefe1 1,000 times 
ence is for the vertical alone and that the It is clear that in some manner the pref 
horizontal is not different from the obliques erence, in the present case for the ve rtical 
[he greater preference for the vertical alone, is linked with the difficulty of the 
position in the more difhcult t isk is still more observation. This is in agreement with the 
strikingly shown in Figure 2. Here the num results of other workers although none seems 
ber of correct answers for the vertical as a to have commented on this phase Thus in 
percentage of all correct answers is plotted Figure 1 of Ogilvie and Taylor it may be 
as a function of th ngular size of the noted that the preference for the vertical 
stimulus 1 nutes ‘ e seen that for 
70 + ° 
100 + 60 + | 
° 
Y 
— | w SC 
VU 80 x sO \ 
Wu | « e\ 
a | Oo 
40 } 
O 60 + 
U | & 
%0+ 
w wa 20 
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0 | 
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Fig l ith ) rrect al Wevt rrect nswers tor. the 
eng ve ie percel we ill correct 
1 ue es ve te ( ilar lenet! 
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fraction gives an adequate optical explana 
tion of orientation preference and would be 
more effective in the more difficult task. Dis 
cussion, however, requires a digression on 
the higher order aberrations of the eye 

The classical optical picture of a point 
image for a point source is not strictly true 
even for eyes of high acuity devoid of astig 
matism or other refractive defect improved 
by glasses. The almost universal convention 
that stars have rays would not have arisen if 
our eyes had rendered the heavenly bodies 
as true points 

It was long ago shown by Gullstrand 
(1901, 1924) and reiterated by Lancastet 
(1943, 1952) and Boeder (1944) that light 
from each point of the object is not 


sembled in points in the image but in causti 


surfaces of complex form As intercepted 


and horizontal is more marked for a wir by the retina the refracted pencil from a 

of 0.81 seconds of arc diameter than tor one single luminous pont is typically an eight 

of 0.94 seconds Phe < X pe riment il re sults ot pointed star with a central bright st portion 

Leibowitz point in the same direction. In and less bright rays of which the vertical and 
nhin 

Figure 1 he presents the combined acuity of horizontal are longet and more intense than 

vertical and horizontal in contrast to the the oblique. Such a refracted pencil is well 


obliques as affected by illuminance and pupil as others less regular in form, it should 


size. A large pupil and high illuminance give again be emphasized, is compatible with 
high acuities. In all cases the acuities for visual acuity above normal 

combined vertical and horizontal surpass that The variety of form shown by different 
for the obliques and it will be noted that this eves mav readily be illustrated by looking at 
superiority is tn all cases greatest where th . star first with one eve and then with th 


acuities are the highest and the gratings re 


solved the smallest 


DisCUSSION 


Is the cause of orientation preference to be 
found in the optical or in the sensory aspect 
of the eve? Does the accentuation of orien 
tation preference in difhcult observations 


throw any light on the problet It is hard 


to visualize a retinal or postretinal mecha 
nism explaining orientation preference, it 1s 
far harder to imagine one that will show 


little or no pre ference among stimuli recog 


nized 95 percent of the time and a high pref 
erence unong stimuli recognized only 20 Fig. 4 (Weymouth). Diagram illustrating how 
percent ot the ti ‘ lt is belreved however. 


that a rather neglected aspect of ocular re an oblique object lin 


Fig. 3 (Weymouth). Typical star image 
vertu Or or on 


STIMULI 


other. The number and relative size of rays 


is often strikingly different. In the oldet 


writings this “star” effect, which ts charac 


teristic of the crystalline lens, since it is ab 
sent in aphakia, was ascribed to “irregular” 


astigmatism or to “irregularities” the 


cornea or lens. Gullstrand was the first to 


show its true nature. Since it does not pre 


vent excellent acuity, cannot be “corrected,” 


and is only seen in some uncommon pro 
cedure such as stigmatoscopy, it is known 


to only a few workers and by them generally 
ignored 
lo evaluate the effect of this aspect of re 


fraction it will be helpful to review briefly 


the types of target with which orientation 
preference has been observed and then to 
compare the imagery of the star point with 


regular astigmatism (Jnientation preference 


has been recorded with fine wires (60 times 


as long as wide), rectangles (four times as 


long as wide), grids of parallel lines, verniet 


acuity test objects, and the apparently un 
related but very interesting situation of half 


(1948) 


“Qualitative manifestations of this phenome 


tones. Higgins and Stultz state, 


non can be seen quite easily by rotating a 


halftone print in a newspaper. If the area 


examined is of moderate uniform density, 


the halftone dots will appear as 


an array of 
lines when they are aligned either vertically 


this 


1 
} 
i 


or horizontally, but systematic array 


will disappear when they pass through the 


visual field diagonally. The workers in the 


graphic arts are aware of this decreased 


visibility for diagonal lines.” Letters have 


} 


showing orientation 


to be 


not been reported is 
preference, although they are known 
affected by astigmatism 

rhat there must be some type of similarity 
between the star image point and astigmatism 


has apparently occurred to all workers on 


this problem. Comparison with regular 
astigmatism involves several points. How 
common is each type of “defect”? What 


effects have they in common? What differ 
ences? 


Astigmatism of some de gree combined or 


S ORIENTATION 


AND THRESHOLD 9 


not with spherical errors is very common 
In most cases low or moderate astigmatism 
in young persons may usually be corrected 
with good vision. It is much harder to state 
the incidence of the star image point. To 
identify what is being called the “star” image 
point require two conditions. 

First the eye must be emmetropic either 
naturally or as far as can be effected by 
spheres and cylinders 

Second the image of a distant very small 
point of light must be examined subjectively, 
as in stigmatoscopy. 

Under these conditions all “normal” eyes 
will show rays about the central bright point ; 
will and in 


the 


these vary widely in number 


length and brightness relative one to 
other. The proportion which might be classi 
hed as eight rayed with the vertical and 
horizontal most prominent, or at least with 
conspicuous vertical and horizontal rays, 1s 
difficult to estimate 

No adequate stimgatoscopic surveys are 


on the basis of students examined 
20 


on record: 


a guess of 10 to percent might be 


hazarded. It should be noted that orientation 
preference in emmetropes with good vision 
has been proved but it has not been proved 
that all emmetropes show such preference. 
It will be recalled that in the five eyes tested 
by Ogilvie and Taylor there was a statisti 
cally significant difference in the degree of 


preference shown. Obviously an eye may 


fall in both categories, showing astigmatism 


and, when corrected, the star point. They 


represent aberrations of greatly differing 
order. 

The two conditions have in common the 
phenomenon of orientation preference, with 
the preferred directions horizontal and verti 
astigmatism and of 


cal, since the axes of 


the star rays are commonly so oriented. They 
a more marked 


task of 


differ in that the star shows 


preference the more difficult the 
of astigmatism 


affect 


recognition. This is not true 


Do these two types of refraction 


the total image? In astigmatism the image 


point become Sa line 


If this line is parallel 


10 FRANK W 


we of the edge 


to the edge of a letter the 


remains sharp and clear, but he focal lin 


the contrast 1s 


is perpendicular to the edg 
greatly reduced and there is a gray transition 


zone between black and white, This is the 


well-known mechanism of the fan or clock 


face astigmatic test chart. 


For the star image the entire point is 


smaller even than in low-grade astigmatism 


and most of the light is concentrated in the 


central part. In consequence the image a 


as 
whole is good; as has been stated the acuity 
is often above normal. The intensity of the 


ray is so low that when they are perpendicu 


lar to the margin of the letter the reduction 
of contrast is slight. But if the image is that 
of a very fine wire so small that it is seen 
only part of the time the situation is quite 


different 
Assume a star point with the chief rays 


horizontal and vertical and the oblique rays 


preciably beyond the central 


not extending a 


p 
disc. With a horizontal or vertical wire one 
ray would coincide with the main image and 
one would be directed to the side and so 
reduce the edge contrast of th ige of the 


With 


both horizontal 


wire an oblique wir 

and vertical rays would fall outside the image 
of the wire and thus all of the light of the 
rays would act to reduce contrast. Even if 
the amount of light in the iVS is small, 


probably less than one tenth of the total, the 


WEYMOUTH 


well increase the number of correct answers 
for vertical or horizontal when correct 
answers form but a fraction of the total. lor 
the data presented in the present paper it 


must be assumed that only the vertical ray 


extended significantly beyond the central 


disc. Such variations have been observed in 
stigmatoscopy 

In future work on this problem not only 
subject 


should the - carefully refracted but 


atos 
the 


of orientation prefer 


they should also be examined by stign 


copy and the findings checked against 


presence or absence 


ence 


CONCLUSIONS 


We are justified in concluding that, in th 
reported cases, the orientation preference in 
linear stimuli of small angular size is an 
optical phenomenon. A certain proportion of 
men and women show an image “point” of 
small size consisting of a bright central area 
and eight rays of which the vertical and hori 


he 


versons show good or unusually high acuity, 


zontal are usually the more prominent 


1 


but with ve 


ry small linear stimuli the coinc1 


o 


dence of image and ray direction leads to sig 


nificantly lower thresholds in these dire 


tions. The phenomenon serves to emphasize 


a rather neglected aspect of image formation 


ay’ 


in the eye 


ind to point up the importance of 
stigmatoscopy in understanding the finer 


points of ocular image formation 


difference between the two situations might 950 West Jefferson Boulevard (7 
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MECHANICALLY INDUCED 
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Mitton Frocks, M.D., Isamu TsuKAnarA, M.D., 


intraocular 


lf prolonged increase 


sure could be produced in inimal eyes with 


out directly interfering with the anterior 
chamber structures bv the injection of o« 
clusive materials, or other means, useful 
knowledge of the effect of glaucoma on the 


eve might be Bi. elevated intra 


Paine 


ocular pressure could be pro uced in a con 
trolled manner, the effect on the optic nerve 
ciliarv body, and retina 1 be studied ina 
controlle 1 way it | ntiy been sug 
rested bv one ¢ 1 \I | that mcre ised 
intraocular pressure ne hitration 
ingle also, even in t ses in which n 
] 
periphera is are 10 ed 
ind en 
ossibility vould be 
Huggert* has eported a series 
1. 
Oot ents W ( luced I 
} 
cre ised ntraoculat essure n ibbits 
obstruct ng aqueous fl n one ot th ce 
Vavs Dv caute ems 
by tvil gat nd the vessels 
2 
it the posteri pok I eve nd (3) by 
obstructing the filtrat le with suspen 
s1rons of pa Ticies 
Other efforts t cting the tflow 
1] ] } rt £11 arc 
ire well catalogue \ overt is TOLLOW 
‘None ot the three, in p1 nciple, difterent 
wavs used here for blocking the outflow 
s new. Similar experiments were made a 
read\ is early is 187 1890, first and 
foremost bv Seber’s school \ttempts with 
iutet itor ot hye ea round the 
bus Vas vcle \ othe Ss 
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Caiyornta 

and Heisrath, as well as painting the same 
area with silver nitrate by Heisrath and 
Bentzen. With the discovery of aqueous 


veins on the surface of the eye, came the 


possibility of cauterizing these vessels se- 


lectively. Such like experiments have been 
carried out by Weekers and Prijot. The 
effect of ligating one or more vortex veins 
vas studied earlier by Scholer and Weber, 
ind later on by Koster. Attempts at ob 


the outflow at the 


structing posterior pole 
have recenly been published by Barany as 
well. Blocking of the filtration angle with 


different suspensions has already been done 


by Weber and Heist ith with among other 


things, oils; and attempts to block it with 
bacteria are reported by Bentzen.”’ 
Increased intraocular pressure of one eve 


f 49 animals was produced by the applica 


cling rubber band around 


the equate of the eye, sewn to the sclera 
under the extraocular muscles somewhat in 
the inner of the encircling polyethylene 
tube that is sometimes used in the treatment 
ot etinal detachment n 1). Whereas the 
ntraocular pressure usually readjusts itself 
uickly following the apy ition of a too 
cht poly hvlene tube such readjustment 
does not readily occur when a rubber band 
s used because, as the eve gets smaller with 


the expulsion of aqueous, the rubber band 


ilso contracts and continues to apply ex 


ternal pressure 


MATERIALS AND MeEtTHOpDs 
] \NIMALS 
operation Was pel formed on one eve 


of 46 rabbits, two monkeys, and one cat. The 


opposite eves were | ft untouched as a con 
trol. The op ition could be performed much 

e easily on rabbits because the rabbit eve 
S eadily p optosed ind these animals 


Frat 
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d Miller) Operated rabbit eves of tw 


rubber band | n removed from the eye 


seemed to tolerate the operation much better 


Following 


lids of 


than did the monkeys or the cat 


the 


the operation, marked edema 


the monkeys and the cat developed but this 


did not usually occur in rabbits. General 


anesthesia was necessary to measure the ten 


sion of the monkeys and the cat but not of 


the rabbits 


[THE OPERATION 


Under 


was circumferentially incised 


general anesthesia the conjunctiva 


renon’s fascia 


was cut and the four recti muscles identified 


beneath these 


band 4.0-mm 


by passing a muscle hook 


tendons. A thin, flat, rubbet 


r). Rabbit 


larization a 


at the lett 


so tl 


wide and approximately 0.75-mm. thick was 
cut so that it became a long rubber strip. A 
double +-0 black silk mattress suture 
was applied through one end of 


Che the 


strip was passed beneath the rectus muscles 


ties 


until it encircled the globe and was lying fla 

the Che 

stretched tight, compressing the globe firmly 

Che the suture then 
tof 


passed through the opposite end of 


armed 
the 


rubber band other end of rubber 


around equator rubber strip was 


two needles of were 


the 


ber strip and tied re-establishing the circula: 


nature of the rubber band. The excess rul 


ber at the end of the 


strip was cut off. 1 
suture was tacked to the sclera in four places 


Che conjunctiva was closed 
3. OCULAR TENSION 


At the 


ocular tension measured with a 


conclusion of the operation the 
Schietz te 


nometer was almost invariably between 70 


Phe rabbits’ 


was measured two or three 


and 100 mg tension of the eves 


imes weekly un 


der topical anesthesia. The tension of both 


‘yes were always taken, the unoperated ey 


acting as a control. Tonography was pet 


formed on four of the animals 


using 


stages im the 


Mur Ile r ele tron 
(Texas Instruments, 


postoperative course 
tonometer and a Rectiiin 


ear Recorder Incorpo 


rated ). 
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Fig. 1 (Flocks, Tsukahar:, rabbits ater enucleation. The 
_ 
— 
, 
? 
no. 30. The cornea shows marked vascU t 
he 


intravenous nen 


taneously pe 
i] F outtlow 
itus was 


ich enucle: 


\ 


uk 


ned 


leation the 


CHANICALLY 


to 10 weeks 
killed with 


both eyes 
rubber 
oved fron the 
were then s1 
aline and the fa 
The perfusion 
Barany 


ttet 


is supported im an 


\ 


vhich contained 


No 27 stainless 
hrough a | 
s and then 


he enucl 


INDUS 


ration well 


Following the 


considerable edema ot 


nkev and the cat. General 


to measure the ten 


but not in the rabbits 


ind cats, difficulties in 


operative technique, infection, and othe 


causes results animals 


not referred to 


unreliable ; il] 


this papel Phe fol 


further 


to the results in rab 
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| 
| 
ifter operation the I is Wel 
; 
| { ind 
fully removed. After enm 
band was immediately re 
operated eye Both eves 
o 4 
letert 
modified a 8 
ited eve 
saline moistened gauze. A aa 
ster ree Was 
hole in the side of t olas 
the anterior chamber of t@ii@eated ey 
needle Vas pre 1 ted by Vay 
| polvethvlens tubing t i 10 ml pipet 
graduated i |. The pipet contaiming 
saline was mounted | ntally above the 
ipparatus at an elevation giving the saline b 
in ettective constant static pressure of 
20 mi He. The « re perfused within 
‘ Fig. 4 (Flocks, Miller) ) Enu 
1. nutes after enucleation tor YO minutes : 
eated 36 days postoperative Rabbit 16): al 
Che volume of out tro. each pipet was (b) enucleate . s postoperativel Rabbit 
rded at ntervale and niotted 30). Note ‘ ngles nges in the 
on orank naner Fx ine the frst 10 min 
formalu sectioned ind stained witl 
} 1) itoxviin ind eosit 
RESULTS 
1. ANIMALS 
‘ 
[he rabbits tolerated the op: 
the other animals not so well 
| 
sion in these animals, 
‘ 
wing findings refer 
‘ rne vas Its Only 
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rABLE 1 


SUMMARY OF FACILITY OF OUTFLOW STUDIES 


Perfusion C Values 
Davs Before 


Rabbit No 
Killed 
Normal Operated 


Comment 


0.416 0.0675 


0.183 0.093 
0.186 
0.250 


Panophthalmitis 
Panophthalmitis 
Panophthalmitis 
Panophthalmitis 


Died on fourth postop da 


Vitreous leak 
nophthalmi 
ophthal 
nophthal 


Pa 
Pa 
Pa 
Panophthalmi 
Pa 
Pa 


nophthalmitis 
ophthalmit 
Phthisis bulbi 
Phthisis bulb 
Phthisis bulbi 


0.21 
0.116 Panophthal: 
Pat ophth iln 


00 & 


ocular tension could be followed fairly well 
The tension in almost all of the animals de 
clined steadily the first 48 hours to reach a 

50 mm. Hg: and then de 


The measurement of ocular tension in 
rabbits under local anesthesia, particularly 


in rabbits which have had eye operations, 1s 


by no means an extremely accurate pro slowlv. Most of the animals 


cedure. The tensions were taken under i-<cal still had elevated tensions two and three 


rather than general anesthesia to avoid fre weeks after operation 


quent general anesthesia which could result Tonography performed 


in the death of some inimals. The inesthesia on a few animals during 


difference in intraocular pressure between 48 hours and at later inter\ 


the operated and unoperated eyes was readily __ relat vely flat tracing with very 


detectable, however, and the course of the outflow when cor 


14 
SC 
34 
»3 
13 
0.204 15 
9 0.412 0.179 13 
10 0.271 0.233 14 
11 0.275 0.055 36 
12 
13 0.422 0.094 34 
14 0.237 0.097 35 
15 0.213 0.137 72 
16 $3 0.125 
17 0.286 0.039 37 
18 0.275 0.105 | 
19 0.385 0.256 23 perf ‘ 
20 
19 t 
?? 16 tis 
23 14 ts 
24 14 tts 
25 13 
26 13 
14 
2 13 
9 73 
30 0.20 
7 0.15 us 
35 tis 
33 15 
34 76 
6 Pa ophtha 
37 | Panophthalmitis 
22 1 Died without pert 
39 } Died witho t perius 
40 6 
41 0.19 0.10 
42 
43 — 
44 0.275 0.15 
45 
46 0.237 0.183 
the first 
lad 
als revealed 
ya 


ALLY 


INDUCED GLAUCOMA 


(I 1 Mille 
ROSS APPEARA 
Mild te ode njunctivitis was com 
( In 14 eves p itis developed 
[wo cases of phthis resulted. In the 
emaining eyes eri chamber 


ond week (fig 
eral of the eves 
a hyphema 
ibsorbed. In 


eveloped (hg 


ly a faint beam 


and a few cells could be seen in_ the 


aqueous 


$+. PERFUSION 


Che facility of outflow in t 


Operated eye 
eation, with the rubber band re 
was 


iftter 


moved definitely decreased in all 


pare d to the 


but 
one Case when con 
table |] 


of increased 


fellow con 
trol eve Except for the presence 
intraocular 


the 


pressure immedi 
itely after operation, this was the 


this 


most constant of all the findings in 


study 


15 
| 
a 
» > 
e 
. 
‘ ad 
) Rabbit No. 18. Marked pathologi 
mained deep 1 I] Che cornea began 
to show peripher larization in all of 
ippe ired dilated ly I 
ippe ired whicl rap Vy oe 
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= 


Miller ) 
) Rabbit No. 30. Opti 


>. HISTOLOGIC FINDINGS mation. In a tew cases there were som 
Most of the cases in which a frank pan acute and chronic inflammatory cells in the 
ophthalmitis developed were not sectioned. anterior chamber but the majority did not 


Che rest of the cases, the large majority, r \ localized granulomatous reaction on the 


vealed little evidence of intraocular inflam surface of the sclera invariably was present 


16 | 
|| 
~~, 
~) 
», 2 
. 
~ 
\ 
. 
Fig. 6 (Flocks, Tsukaha ) Rabbit No. 16. Optic nerve appear 


MECHANICALLY INDUCED GLAUCOMA 


revealing the site where the rubber band had _ tion of the retina usually involving all layers 
ularization of — of the retina (fig. 5) 
the cornea was invariably 1 A 


been (hig. 4) Peripheral 


lhe optic nerve usually 
showed signs of atrophy and in 


egenera was deeply cupped ( 


constant SIX Cases 
ind striking finding was marked d 


fig. 6). The anterior 


17 
oy 
a 

o4 
= 

< 
= 
= ~ 
Fig. 7 (1 cks, Ts har 1 Miller) Rabbit Ne 30 a) Filtration ingi¢ N synechias are present 
The meshwork ppears t pressed but otherwise unremarkable b) The pposite nele of the 
Same ¢ Several iris pi re ovine las are not present 


18 MILTON FLOCKS 


chamber was invariably deep. However, the 
rabbit filtra 


tion angle is so different than the human that 


histologic appearance of the 
we were unable to decide whether or not his 
tologic evidence of damage to the angle was 
present (fig. 7). In only two cases were 


definite anterior synechias present 
CONCLUSIONS AND COMMENT 


There is no question that prolonged in- 


creased intraocular pressure in the rabbit 
eye Can be produced by this method. How 
ever, the occurrence of inflammation and oc 
casional intraocular hemorrhage are varia 
bles which make this method not the well- 
controlled way of producing glaucoma in 
animal eyes which would be desirable. 


Che 


facility of outflow in the enucleated oper- 


constant finding of a decrease in 


ated eye with the rubber band removed is 
extremely interesting but, because of the 
many variables, no definite conclusions as to 
its cause can be drawn from this study, The 
absence of peripheral anterior synechias in 
virtually all of the cases rules out synechias 
chief 


facility of outflow 


as the cause of the decrease in the 

The striking pathologic changes in the 
retina throughout all of the layers of the 
retina even after only two weeks of elevated 
pressure suggest that the retinal damage is 
probably on a vascular basis and not related 
to the increased intraocular pressure alone. 

It is reasonable to assume that the cupping 
of the disc and optic atrophy are largely due 


to the glaucoma. It is hoped that the tech 
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nique can be improved so that a large series 
of monkey eyes can be studied; for in thes 
animals pathologic changes in the filtration 
angle, which could account for the decrease 
in facility of outflow, could be re cognized 

The relatively rapid decrease in intra 
ocular pressure in the first 48 hours after 
operation in the presence of a flat tono 
graphic tracing with virtually no outflow 
indicates that the fall in tension in this early 
period is due to a decrease in the rate of pro 
duction of aqueous and is in general agree 
ment with the findings of Huggert Che 
reason for the immediate in vivo decrease in 
facility of outflow is not entirely clear. We 
are, at present, actively studying the rate of 
decrease of aqueous production in rabbits 
following the application of the encircling 


rubber band and the rate of increase in fa 


cility of outflow when the tension comes 


down to within nearly normal limits 


SUM MARY 


Increased intraocular pressure can be pr 
duced in rabbit eves for periods of more 
than two weeks by the application of a tight 
encircling rubber band around the equator of 
the eye After two weeks, if the operated eye 
is enucleated and the rubber band removed, 
perfusion studies reveal a decrease in facility 
of outflow, the cause of which is unknown 
Histologic examination of these eyes reve als 
peripheral vascularization of the cornea, d 
generation of the retina, and in some cases 
cupping and atrophy of the optic nerv 
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ommunication 


CHANGES 


Che 


intibiotics is 


devel pmen 


modern medicine 


one ot 


quietly creeping up 
years, commencing sh¢ 
duction of the sulfa dru 


St 


the epidemic « 


several docte rs 


resistances pecil 


sonal variation of 


pital patients and 


ot one 


+] 


laborator is tne l 
by the standard Di 
lated 


tempted to grade 


is resistant ¢ 


of the last 


drug 


in 


t 


~ 


1; 
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ial resistance to 


problems of 


prob el has been 
us for the last 15 
rtly after the intro 


igs and culminating in 


occus-resistant in 


years 
VO years ago when 


ering about these 


+h 
is here 


stance? Was 
se or had it 


any SCad 


1 
ie@veied 


difte 


rie iny renee 
tures taken on hos 
en in a privat 


We all had our fa 


iscussion became 


vere obtained fron 


ry the New York 
nd from a bacteriol 
1 in the privat fice 
| vate oft 


physicians. In both 


sistance was tested 
scs and results tabu 
sitive. It was not at 
gree of sensitivity 
N 
rAl 
AND DISTRIBUTION 


Gram- Negative 


Streptotocs is 


During this study there was no change of 
personnel in either laboratory. Due to the 
special nature of the two laboratories only 


eye and ear, nose, and throat cultures are 


involved. 
In this study, 1,827 cultures were divided 


1). 


the largest participant w 


into three groups (tabk Staphylococcus 


was by far ith well 


over 1,000 cultures, It is interesting to note 


that there was a significantly higher percent 


ge of these cultures in the hospital than in 


the private practice. Secondly, was the strep 


ococcus, which was much more prevalent in 


the The third 
grouping was gram-negative rods, This in 


Escheria coli, Proteus, 


private practice environment 


cludes Pyocyaneus, 

Bacillis subtilis, and numerous non-specific 

coliform bacilli 
In this study it was not attempted to sepa 


rate the pathogenic from the nonpathogenic 


organism, nor to try to type the specific or 
It was felt that this would be com 


The 


ine d and only 


ganism 


pensated for with this large a sample. 


standard error was detern 


those differences of over three sigma were 


felt to be significant. As representative anti 
biotics, aureomycin, Chloromycetin, penicil 
lin, polymyxin, streptomycin, and terramycin 
were picked especially since they had been 
tested throughout the whole period 

3ecause of the necessity for a large num- 
ber, the primary analyses were made only on 
the 


staphylococcus cultures. The first ques- 


tion that we shall consider is the question of 


THE CULTURES IN THIS STUDY 


Rod Staphylococcus Total 
Rods 

170 387 845 
46 670 982 
116 1,057 1,827 


~ 
Ich rida 
his study start 
out at a plateau? Was t 
between resistance ot 
‘ i is \ \\ is was 
Since there yas 1 source ot lata 
ulabl t was ce l¢ to attempt to analyze 
Eve and Ear Infirmary 
er lal 
the attending 
LE 1 
HE s 
Pr te rat 
H nit O6 
354 
19 
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TABLE 2 
STAPHYLOCOCCAL CULTURES SHOWN AS PERCENTAGE RESISTANCE TO THE ANTIBIOTICS 
DURING EACH QUARTER OF EACH YEAR 
DRUG SENSITIVITIES 
Office Hos pite 
eomycin 
1954 1055 1956 1057 Total 19054 1055 1956 1957 Total 
Ist 0.0 12.5 15.2 9.0 Ist 23.1 25.0 . 17.5 14.9 
2nd 23.5 7.9 6.7 10.0 2nd 30.8 33.3 21.8 1.9 25.6 
rd 3.3 6.7 5.0 rd 12.5 12.5 29.6 20.7 
ith 21.4 2.8 26.4 17.9 tth Z3.2 6.5 21.7 17.7 
21.4 1.9 15.3 11.0 11.3 23.5 11.0 19.6 0.4 19.8 
Chloromycetin 
Ist 2.6 25.0 23.9 16.0 Ist 0.0 5.0 0.0 13.3 7.3 
2nd 11.8 5.3 6.7 7.0 nd 15.4 5.1 11.6 35.2 21.3 
jrd 6.7 0.0 3.3 jrd 0.0 0.0 36.2 17.7 
4th 17.9 11.1 30.2 21.4 4th 11.1 ba 28.6 19.5 
Porat 17.9 7.3 16.1 15.4 14.1 Porat 7.7 2.7 100.2 4.3 16.4 
lerramycin 
Ist 18.4 18.8 41.4 29.0 Ist 23.1 15.0 38.5 33.7 $2.1 
2nd 3§ .2 21.0 $3.3 29.0 2nd 40.8 $1.1 $2.1 37.2 
13.3 20.0 16.6 rd 37.5 11.4 36.2 26.6 
4th 17.9 19.4 5.1 32.5 4th 16.7 17.8 31.4 25.1 
17.9 19.7 31.5 37 .4 28.1 Loral 25.0 36.2 35.5 32.1 
Stre pt cm 
Ist 7 43.8 28.2 36.0 Ist 7.7 16.7 26.4 1.3 21.4 
2nd 64.6 15.8 8.9 21.0 2nd 46.2 15.4 20.3 21.9 21.6 
jrd 0.0 10.0 55.0 jrd 28.5 25.0 17.0 1.3 
4th 37.5 71.5 24.5 33.3 4th 17.6 19.6 19.0 19.0 
Poral 37.5 $2.1 1.2 18.7 26.3 Poral 6.0 19.6 0.4 1.7 20.9 
Peni n 
Ist 39.5 37.5 19.6 0.0 Ist 23.1 29.4 9.1 54.6 35.0 
2nd 52.9 26.0 8.9 23.0 2nd 77.9 15.4 24.6 35.1 30.7 
26.7 26.7 26.7 jrd 37.5 17.1 48.9 34.4 
ith 28.6 33.3 3.8 4th 27.8 13.0 83.0 58.2 
28.6 36.4 29.2 14.3 27.8 40.4 16.8 18.0 44.4 39 
Polymyxin 
Ist 94.8 68.8 76.1 82.0 Ist 9) .3 12.5 37.0 27.3 33.9 
2nd 100.0 79.0 74.7 81.0 2nd 84.6 35.0 43.3 18.7 33.6 
trd 56.6 76.7 60.6 12.5 36.6 15.5 24.5 
4th 89.9 66 .6 81.1 79.2 ith 22.2 26.1 13.7 18.1 
89.9 77.7 78.1 75.8 78.2 53.8 30.1 6.1 22.9 28.3 
variation during the seasons. We divided the The next question that might be consid 


periods into quarters with the first three 


months being the first quarter and so on. In 
studying the data (table 2) it is seen that the 
the 


average in 


the 


below the 


Analytically 


third quarter is 


other 


majority of cases 


three quarters has almost the same resistance 
rate, whereas the third quarter, July through 


Septembe r, is 1.75 sigma below that rate 


This is not a significant figure, yet it 1s 


highly suggestive that possibly the bacteria 


also take a vacation in the summer and thet 


antibiotic resistance is lower. This would 


bear further study at other centers 


resistance is still on the 


| here are 18 cate 
Six antibiotics, 


two locations. times three groups of bacteria 


ered is whether the 
rise or has it levelled out 


in which this ts seen 


got 1¢s 


In almost every case they are fairly level 


throughout the three- or four-year period 
lhe one glaring and interesting exception is 


Chloromycetin in the hospital. It was eight 


percent in 1954 and three percent in 1955 
However, in late 1955 a group of eager sec 
ond year residents started using this anti 
biotic a great deal. Consequently, in late 1956 


there was a resistance of 33 percent, becom 
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rABLE 3 
STREPTOCOCCUS AND GRAM-NEGATIVE ROD CULTURES SHOWN AS PERCENTAGE RESISTANT 
FOR EACH ANTIBIOTIC FOR EACH YEAR 
Streptococcus 
Ho pila Office 

1955 1956 1957 T otal 1954 1955 1956 1957 Tota 

\ureomvycin 10.0 14.7 05.0 10.9 2.9 1.2 1.1 01.4 
Chloromycetin 10.0 8.5 15.0 10.8 5.9 2.4 1.1 2.4 02.4 
Penicillin 40.0 54.5 45.0 49 2 5.9 11.9 3.4 00 05.2 
Polymyxin 20.0 66 .6 90.0 66.7 76.5 79.7 79.8 65.4 76.3 
Streptomyci 10.0 28.5 5.0 18.4 52.9 47.6 49.4 59.3 52.0 
loral 10.0 44.1 45.0 $3.7 5.9 1.2 4.5 3.7 03.5 

Gram-Negative Rod 
\ureomvcit 14.6 16.4 34.5 32.4 36.5 45.1 36.3 
Chloromyceti 36.7 22.2 30.7 21.6 38.0 8 28.5 
Penicillin 73.2 81.3 75.0 77.4 83.8 95.2 96.7 89.9 
Polymyxii 7 .8 44.4 61.1 $5.7 93.2 96.9 93.5 94.7 
Streptomyci Y 348 .7 6.7 35.2 19.0 
35 7 14.8 36.1 10.0 41.9 96 93.5 72.0 
ing 35 percent in one quarter in 1957, Could — lococcal and streptococcal infections. Against 


that be a cause and effect? Most studies on 


the large use of antibiotics would seem to 
indicate such 

Where do you ex] that the higher re 
sistance would be? In the hospital or in the 
office Here the Streptococcus (table 3) and 


as the 


taken together 


With 


staphylococcus can 


results are identi 


aureomycin, 


Chloromycetin, penicillin, and terramycin the 
resistance 1s higher in the hopsital than that 
in the office, usually significantly so, This to 
me was expected as the intibiotics were be 
ing used much more often in the hospital 
However, polymyxin and streptomycin were 
much less effective in the cultures taken in 


This | il il 


was 


the office loss to explain 


of them in 


negative rods 


since there 


othice 


not a great ust 


the Against the 


there was no real difference and none of the 


antibiotics were too efrecti table 3) 


Just how effective were the various anti 
motics Chlioromycetin ki aureomycin seen 
to tie for the honors here as the resistance 
rates are almost identical for both the staphy 


the rods streptomycin and Chloromycetin 


were most effective, but only in slightly over 


70 percent of the cases. Aureomycin was a 
very close third 
In this study we have seen that in bacterial 


intibiotics the resistance was higher in the 


hospital. However, for two, it inexplicably 


It 


antibiotics 


was greatly higher in the office practice 
was further shown that of all the 
tested Chloromycetin and aureomycin were 
the most effective over the full three-year 
period 


This possible summer decrease of resist 
} 


ance should be investigated further and if 


( 


effect 


true, and the cause discovered 
aid 


antibiotics throughout the rest of the year 


ssibly this 


would us in the more ve use of 


Further. with the antibiotic resistance at an 


apparently steady level the withholding of 
certain antibiotics from general use is to be 
1. Possil 


commended ily this could be extended 


so that they would be more effective at a 
later date 3 
Varshall Taylor Doctors Building (4 
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PATHOGENESIS OF SENILE 
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DEGENERATION* 


MACULAR 


AND 


Jutrus ScuHNeiper, M.D 
New York 


Senile macular degeneration affects 25 per 
cent to 40 percent of our old age population 
according to our recent survey.’ The greater 
percentage is among the older age groups 
above 80 years of age. The degeneration 
varies in degree from minimal changes when 
central vision is reduced from 10 percent to 
50 percent, to those with maximal involve 
ment and complete loss of central vision 
Up to recently, there has been little op 
portunity to examine pathologically the eyes 
of old people with varying degrees of macu 


lar involvement, due to the inability to ob 


tain eyes for such routine study. This op 
portunity arose at the Home for Aged and 
Infirm Hebrews of New York where a 
routine study of the eyes was instituted 


igo. These eyes were removed 


shortly after death and put in preservative 


several years ; 


and fixing solutions. They were then sec- 


tioned and stained with routine stains, 


hematoxylin and eosin, and occa 
Mallory’s 
then 


usually 


sionally with trichrome stain 


These 


changes in histologic structure normally a 


sections were studied for the 


companying old age 


The residents of the home were all ex 
amined clinically and periodically during 
their lifetime at the institution. Many of 


them had fundus photographs taken, espe- 
cially if macula lesions were present. Many 
also were studied by the electroretinograph 
with special techniques using red and green 
from 


filters to macular 


that of the rest of the retina 


separate response 


This work has 


* From the medical department of the Home for 


Aged and Infirm Hebrews of New York City. This 


study was supported by a grant from the U. § 
Department of Health, Education, and Welfare, 
Institute of Neurological Diseases and Blindness 
(B-154). Presented in part at the XVII Inter 
national Congress of Ophthalmology in Brussels, 
Belgium, September 1958. Presented before the 


York, November, 1958 


Eastern Section, New 


already been reported by Jacobson, et al.* In 
this way considerable clinical and pathologic 
material was accumulated. This report deals 
with those pathologic specimens that showed 
changes in the macula, and specifically with 
those changes attributed to senile macular 
degeneration. An attempt will be made to 
build up the picture of senile macular degen 
eration from its earliest indications to th 
most advanced forms of the disease 

The 191 eves that were obtained for study 
of the Table 1 
Ninety-one normal 


Sixty-five eyes showed varying 


macula are classified in 


eves were relatively 


leor 
cdegrees oO 


senile macular degeneration. Of the ri 


mainder, 14 eyes were myopic, with degen 
erative changes associated with high myopia 
Nine eyes showed the degenerative changes 
related to diabetes mellitus. Four eyes had 
Kuhnt-Junius 


the type of degenerative 


change and eight eyes showed varying othe 


types of degenerative changes, such as cit 


cinate retinopathy , glaucomatous macular 
disease, and changes attributed to central 


vein thrombosis. This report will be limited 
to the 65 eves that had the senile macular 
degeneration uncomplicated by other types of 
retinal disease, as far as could be determined 


pathol gically 


Forty-eight eyes had early macular d 
TABLE 1 
CLASSIFICATION OF EYES FOR PATHOLOGK 
STUDY OF MACULA 
Per 
Dy pe Number 
tage 

Normal 91 17.6 
Senile macular degeneration 65 34.0 
Myopi i4 7.4 
Diabetic 
Kuhnt-Junius } 
Glaucoma 6 
Circinate retinopath 1 0.5 
Central vein thrombosis branch 1 0.5 
otal 191 100.0 


SENILI 
generative changes. These consisted of the 
following 

1. Diminution of the number of cone 
nuclei and processes. 

2. Fragmentation of the external living 
membrane. 

3. Changes in the pigment epithelium 
adjacent to the macula. These changes con- 
sisted chiefly of (a) loss of pigment granules, 
(b) migration of pigment cells, (c) pro 
liferation of pigment cells 

4. Changes in the lamina vitrea, notably 
early drusen or colloid body formation. 

5. Some evidence of mystic changes in the 
nerve fibre layer of Henle 

These changes can all be seen in the photo- 
micrograph (fig. 1) of a section through the 
macula of the eye of a patient, J. F., a man, 
aged 91 years at death. There was evidence 
clinically of macular changes in the fundi, 
and the vision was reduced to 20/50 in each 
eye. The re was also evidence of sclerosis 
of the retinal arteries and incipient cataracts. 
This section is fairly typical of most of the 
eyes showing early and minimal degenerative 
changes in the region of the macula. 


As far 
cally, there did not appear to be any changes 


as could be determined pathologi- 


in the choriox apillaris or choroidal vessels be 
yond the moderate to advanced sclerosis of 
choroidal arteries. No hemorrhages were 
noted, no inflammatory cells were present, 
and no closure of choroidal arteries. Simi 
larly the retinal vessels showed no unusual 
changes beyond a moderate degree of thick 
ening of the media 

The next group of eyes consisted of 10 
mode rately advanced 


specimens showing 


signs of macular degeneration. In addition 
to the above changes there were 


1. Some subretinal eden 


a 

2. Greater proliferation and migration of 
the pigment epithelial cells into the sub 
retinal space. 


3. Greater loss of substance in the retina 


(a) especially cone cells were fewer in num 
ber, (b) cystic changes in Henle’s layer wer« 


more pronounced. 


MACULAR 


DEGENERATION 23 


These changes can all be seen in Figure 
2, photomicrographs of a section through the 
macula of the eye of a patient, S. H., aged 
85 years at the time of death. The clinical 
examination of the fundi showed a moder- 
ately advanced macular degeneration in the 
left eye with vision reduced to 20/70. The 
right eye showed a circinate type of retinal 
involvement with advanced macular degen 
eration and vision reduced to hand move 
ments. In this photomicrograph the left eye 
is seen showing the changes noted above. 

Again it will be noted that the adjacent 
choriocapillaris and the choroidal vessels ap 
pear to be intact. There is no observable de 
gree of thickening of the capillary walls. 
Similarly, one could see few changes in the 
retinal vessels close to the macula. 

The last group of eyes consisted of seven 
specimens of advanced degeneration in the 
macula. These changes were 

1. Large cystic degeneration involving the 
entire macula, 

2. Complete loss of the cone cells. 

3. Hole in the macula 

4. Almost entire disappearance of the pig 
ment layer on the choriocapillaris and the 
migration of most of the pigment cells into 
the subretinal space. 

All of these changes were seen in vary 
ing degrees in this group of eyes, They are 
exemplified by the photomicrographs in Fig 
ure 3. This patient, B. C., aged 90 years at 
death, had bilateral macular degeneration 
seen clinically, with vision reduced to 20/200 
in both eyes. Sclerosis of retinal arteries was 
also noted, This photograph shows all the 
changes noted above, except the presence of 


a hole in the macula. 


COMMENTS AND DISCUSSION 


The pathologic changes in senile macular 
degeneration as exemplified in these three 
cases show a gradual but persistent progres 
sion of an atrophic process affecting the 
cone cells and the association fiber cells in the 
region of the fovea centralis and surround- 


ing macular area. A reactive process in the 
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Fig. 1 (Kornzweig, Feldstein, and Schneider). (A) Low-power view of macula, showing earl) 


of senile acular degeneration. (B) High-power view of 
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ind Schneider). Low-power view of macular area, showing moderately 


ula degeneration. (B) Hiel power view ot toveal area 
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adjacent pigment layer results in loss of pig 
ment granules, proliferation, and migration 
of pigment cells. Cystic spaces in the fovea 
and nerve-fiber layer also indicate areas of 
atrophy of cell and fiber substance and, 
possibly, also areas of exudation, the con 
tents having been dissolved out or lost in 
the process of fixation, embedding, and stain 
ing of the sections. 

There is no evidence of inflammation such 
as round cells or polymorphonuclear cells 
There is very little, if any, glial prolifera 
tion. There are no visible hemorrhages or the 
late effects of such hemorrhages—such as 
scar tissue or granular debris. The lamina 
vitrea is intact and the choriocapillaris ap 
pears to be unaffected. Similarly, the retina 
adjacent to the macula also appears to be 
intact. It appears as if this portion of the 
retina acts as a separate organ subject to in 
fluences that do not affect the other parts of 
the retina 

Most recent writers on the subject, Behr,’ 
Elwyn,* Klien,’ and Falls,® have expressed 
that senile macular degeneration, 
Haab,' 
the heredo-degenerative group of diseases. 


the view 
originally described by belongs to 
This presupposes a genetic predisposition to 
aging and death at a given period in life of 
a specific tissue apart from the physical 
conditions existing in other parts of the body 
of the same individual, This death of tissue 
is described as an abiotrophy according to 
Gower, and is explained as an accumulation 
of metabolites in a given cell which the cell 
is unable to discard. This eventually destroys 
the ability of the cell to. function properly 
and it then atrophies and dies. It has also 
been expressed as a failure of the enzymatic 
systems in the cell which are genetically pre- 
determined. The time of the occurrence of 
the failure is usually associated with the 
periods of greater stress in the individual, 
such as secondary dentition, adolescence, ma 
turity, and old age 

Other authors, 
Rones,® Wood,'® 
tributed th 


Parsons,’ Friedenwald,5 


Duke-Elder 


cause of this diseast 


have at 


to scleré SIS 


FELDSTEIN AND J. S( 


HNEIDER 


of the choroidal vessels in the region of the 
macula and especially of the choriocapillaris 
There is thickening and hyalinization of the 
choriocapillaris with obliteration of many 
vascular channels. This eventually leads to 
loss of nutrition to the adjacent macula 
foveal area and gradual degeneration and 
loss of function. The sclerotic changes in the 
choroid may be widespread, but the limita 
tion of the retinal changes to the macula indi 
cates the greater vulnerability of this region 

The eyes that have been examined in this 
study do not bear out this conclusion. The 
choriocapillaris and choroidal vessels appear 
to be fairly normal under the microscope 
There is no difference in the blood vessels in 
this area than in other parts of the choroid, 
and what difference there is appears to be in 
favor of a more abundant circulation here 
elsewhere 7 


than The pathologic reports of 


cases of senile macula degeneration—of 


which there are but few ( Nagel,’* Harms,’ 


sehr,"* Klien®)—all showed a fairly normal 


choriocapillaris and choroid, and an intact 
lamina vitrea 

Another possible cause of senile macula 
degeneration must also be considered. The 


circulation in the retina may be a much mor: 
important factor than it was believed to be 
area, because 


heretofore. The macula-foveal 


of its active metabolism and great need for 
oxygen, depends not only on the choroidal 
circulation but also on the retinal circulation 
This area of the retina seems to act differ 
ently than any other part. It is more sensi 
tive to toxins and injuries. Hypertensive, 
nephritic, and diabetic changes in the retina 
are more pronounced in the macula area. The 
viability and good function of the macula 
may persist even when it is separated from 
the choroid for short periods of time as In 
central serous retinopathy and in retinal de 
tachment. This would appear to indicate th 
importance of the retinal circulation for the 
normal functioning of the macula. Gradual 


obliteration by a s« lerosing process 1 the 
retinal arterioles in this region may cut down 


the nutrition and oxygen supply sufficiently 
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nd Schneider). (A) Low-power view of macular area, showing advanced 


generation. (B) High-power view of foveal area 
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to produce the gradual progressive changes 


noted above in senile macula degeneration 


Che changes in the pigment epithelium and 
the presence of serous exudates can be ac 


counted for by the known phagocyti ac 


tivity of the pigment cells. The degenerative 


process in the outer retinal layers—specifi 


cally the cone processes—causes a reaction in 


the pigment layer which stimulates it to pro 


liferate and migrate to the degenerated cells 


in an effort to remove the debris 


he presence of senile macula degenera 


? 


tion in 25 to 40 percent of the aging popula 


tion would seem to point to a more general 


etiology, one associated with the aging 


process itself, Sclerosis of the arterial circu 


lation bears such a relationship. Further 


studies of the retinal circulation as it relates 


to the macula are being undertaken 


attempt to clarify this subject 
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eration has been presented from a study of 
65 eyes in elderly residents of the Home for 


Aged and New York 


These chang s consist chic fly of a loss of 


Infirm Hebrews of 


substance in the fovea and adjacent macular 


area, and a reactive change in the neighbor 


ing pigment layer and lamina vitrea. Several 


theories are mentioned that help to explain 


the Sequence of events, with the mayor 


emphasis on the thought that this condition 


belongs to the heredo dege nerative diseases 


The hypothesis s also presented that this 


area of the retina acts like a peripheral vascu 


lar end organ. Its gradual deterioration may 


be due to a slow obliteration of the 


supply and consequent anoxia and loss o 


nutrition, from the adjacent chori 


capillaris and partly from the retinal circula 
The | 


greater pol in 


tion retinal circulation 


this 


heretofore 


condit 


was thought to be 
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In 


tive 


1957 Zellet 


manometric 


By 


method, re 


ind using a sens! 


ported the pres 


ence of an intracellular proteolytic enzyme in 


the various parts of the 1 ibbit eve They also 
found highest esterase activity in the lens 
and very feeble activity in the cornea. In 
this paper the results of an investigation on 
the characterization of this intracellular en 
zyme are reported. It w be seen from the 
results presented in this paper that the intra 
cellular enzyme as occurs in the lens is very 
similar in nature to cathepsin ( 

Che method of est n of this enzyme 
W is based on the liberation of irbon dioxide 
in i bu irbonate ediut by the acid for ed 
fre the hydrolysis . esters by the 
enzZzy ind Cal ( by the 
lowing equation: 
H | > CHNH.COOH 
C.H,OH Phe ol inomet 

ethod was used to me he carbon dio» 
ide thus liberated fr the reaction ix 
ture.” 

The reaction ve t easure of the 
enzyl c act t\ Ss eX] ere n terms 
of u-liter of CO ‘ per hour per g 
of the wet tissue. St e blanks and en 
zyme blanks were separately carried out in 
the complete svste ‘ vme or sub 
st te the re iction x 

MIA 

( ttle eves \ echiately 
if te kalli he slaughtet 
wuse and transport ed ice to the 
labor itory Hor ogel tf the lens ind 
other parts of the eye epared in n 
saline in a Virtis homogenizer withi 
very short eTIOd OT | pe iture 

* kr the Dey ( g ( 
Prese be Ne 
\ Nove é »? 58 


IN 


INTRAC]I 
THE LI 


Yevi, Pu.D 


york 


was maintained at O°¢ as close ly 


as poss! 
ble throughout the process of dissection and 
Phe 


inhibitors 


homogenization solutions of the sub 


strate and were freshly prepared 


just before the experiment. 
Substrates Phenylalanine ethyl ester 
PEE), tyrosine ethyl (TEE), benzoyl ty 
rosine ethyl ester (BTEE), lysine ethyl ester 


LEI 


purchased 


(GEE 


Sigma and Company 


glycine ethyl were 


Ben 


trom 


zoyl arginine ethyl ester (BAEE), benzoyl 


histidine ethyl estet and carbo 


naphthoxyphenylalanine were kindly sup 


plied by Dr. E. A. Zeller of Northwestern 
University, Chicago 
Enzymes. Chymotrypsin was purchased 


from Armour and (¢ ompany, hicago 
Inhibitors. Ovomucoid, soybean trypsin in 
purchased from Worthington 


hibitor were 


Corporation, New Jersey ; diisopropylfluoro 


chloride, 


obtained 


phosphate, cetylpyridiniun 


and p 
nercuribenzoate wert from 


Fischer Scientific Company, New York 


chloro 


Ry sul 


AND 


lable 1 siiows the experimental conditions 
loved in the measurement of the esterase 
activity of the lens homogenate from the rate 
of hydrolysis of PEE in a bicarbonate me 
dium. As can be seen in Table 2, the highest 
ctivity was found in the lens. Next to this 
in activity was the vitreous body, which rep 
resented approximately 50 percent of the 
lens activity. The retina exhibited only seven 
r eight percent, whereas cornea was prac 
TABLE 1 
CONDITIONS IN THE MEASUREMENT OF THE ESTERASI 
ACTIVITY OF LENS HOMOGENATI 
1.0 ml. lens homogenate 
0.7 ml. NaHCO, (0.18M 
0.3 ml. distilled water 
1.0 ml. 0.075 M PEI 


| PROTEOLYTI 
NS 
Wew 


ANIMA DEVI 


rABLI 


DEGRADATION OF PHENYLALANINE ETHYL ESTER BY 
THE VARIOUS PARTS OF THE STEER EYI 


No. of ¢ in gw-liters 
Investi- Parts of the Eve hr/em of 
gations enzyme 


10 Lens 850 +80 
10 Vitreous Body 408 + 60 
Retina 60 
. Parts of Lens Capsule 210 
Cornea 0 

* Only six separate investigations were made with 
Six eyes. 


tically free from esterase activity. The ab 
sence of esterace activity in cornea might be 
due to the difficulty of preparing a homog zyme as can be seen in Figure 1 i 


enate of it as cornea is a very tough material tional to the time of incubation up 


and resists homogenization. This point needs 20 minutes; in other words, follows the 


further investigation order reaction, then at 
As the main object of this communication kinetics. This is because the initi 


is to characterize the lens enzyme, and once concentration was high and pr: 


it is known that the highest enzymic activity the enzyme combined with it 


is found in lens, only lens homogenate was _ for a considerable part of the 

subsequently used in all experiments unless _ later on the substrate concentration dropy 

otherwise mentioned and the course of action followed fir 
Table 3 shows the liberation of CO. order kineics. The possibility of 

pressed in p-liters per hour by one gm. of hibition was excluded by the fa 


the wet tissue in a reaction mixture of total addition of further substrate 


volume of 3.0 ml. containing different sub after 15 minutes) restored th 


strates. Although lens enzyme is capable of action velocity. The 

catalyzing the hydrolysis of tyrosine ethyl shows a linear increase 

ester (TEE),*® phenylalanine ethyl ester and enzyme concentration (hg. <2 

very slightly benzoyl arginine ethyl ester, it recalled that PEE has also been sh 
will be seen that the best and ideal substrate the best and the ideal substrate for 
for this study is phenylalanine ethyl estet trypsin and intracellular proteas 


(PEE).’ The hydrolysis of PEE by lens en 


TABLE 3 


DEGRADATION OF VARIOUS SYNTHETIC AMINO ACID 
ESTERS BY STEER LENS HOMOGENATI 


LIBERATED 


AT 15 MINUTES OF INCUBATION 


Percent 


Substrate | sed 
Degradation 


OF co, 


Phenylalanine ethyl ester (PEI 80-90 
lyrosine ethyl ester (TEI 80-90 
Benzoyl tyrosine ethyl! ester (B1 80-90 
Benzoyl arginine ethyl ester 

Benzoyl histidine ethy] ester ni > MGMS. OF HOMOGENATE /mi 
Lysine ethyl ester (LEI ' OF THE REACTION MIXTURE 
Glycine ethyl ester (GEF 

Carbonaphthoxyphenylalanine 


30 
2 
] 
20g 
4 
3 
32 
4 
Fie. 1 (Devi). Degradation of heny! 
propot 
first ordet 
il substrate 
led 
re 
it this point 
at this poin 
ly 
rease 
hould b 
wn to De 
hy 
‘ 
his sug 
2 
on the a ‘ f the steer lens hor venate 
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identical with 


chymotrypsin. 
Both enzymes have the same 


' pH optima 

(6.8) in the hydrolysis of PEE and both are 

stable when standing at room temperature 
for 72 hours 

(Km) 

hirst ascer 

n at this pH 

1 80 percent of 

lhe reaction 


velocity undet ons of the experi 


ment was con 


ata thus 


convention il Line 


ton constant, 


ENZYME IN LENS 


Vv is over-all velocity of the enzymatic reac- 
tion, Vmax is the maximum velocity, and [S] 
is the substrate concentration, the Km value 
(calculated by the extrapolation of the linear 
10 


the same order as that obtained for chymo 


portion of the plot ) is 3.0 which is of 
trypsin. 

Table 4 shows the effects of various in 
hibitors of proteolytic enzymes on the ester 
of the The 


maximum inhibition of the esterase activity 


ase activity lens homogenate. 
was found with diisopropylfluorophosphate. 
With soybean trypsin inhibitor and cetyl- 
pyridinium chloride, only 40 to 50 percent of 
the esterase activity was suppressed. Ovomu 
coid blocks only 28 percent of the activity, 
while p-chloromercuribenzoate blocks only 
24 percent. The same inhibitors, at the same 
concentration, inhibit to the same extent the 


esterase activity of crystalline chymotrypsin. 


lhe 


throughout these studies was adjusted to give 


concentration of chymotrypsin used 


esterase comparable to the lens activity 

\s can be seen from Table 4, both enzymes 
under the same experimental conditions 
suffer the same degree of inhibition of ester- 


Che S¢ 


the similarity of the lens enzyme with chy- 


ase activity. results clearly indicate 


motrypsin 
The question arises whether this evolution 


CO, by the lens in the reaction media is 


to the high content of lactic acid in the 


lens. As mentioned before, the enzyme blank 


in each experiment is substracted from the 


reaction before the WO) values are calcu- 


TABLE 4 


INHIBITIOD ERASE ACTIVITY 


INHIBITORS OIF 


Ovomucoid 


Soybean hil 


trypsin inn 


Diisopropy! fluorophosp! 
Cetylpyridinium chloride 
p-¢ hloromercuribenzoat 


OF 


PROT 


LENS HOMOGENATI DIFFERENT 


ENZYMI 


rHI BY 


EOLYTK 


ol ot 
Inhibition Inhibition 


3] 
cal 
A 
al 
x 
> 
L. B. method) on the tion of PEE | 
gests that the lens e1 cis 
centration. Figure 3 s th 
| 
obtained. Applying th 
(ve 
weaver- Bark equatior 
where Km ts Micha Men lated 
Chy ou psin Le 
Inhibitors (> ul gt 
r. xX 10 
45.2 580 
6.7 41 300 18 
16 65 128 79.3 
38 61 14.5 
35 5 380 24 
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It seems obvious, especially from the study to synthesize higher peptides by transpepti 


of the stability, specificity of these two en dation. Perhaps this lens enzyme at this high 


zymes, similarity of Km values, pH optima, concentration is required for maintaining the 
and the degree of inhibition of their esterase physical and chemical state of the protein in 
activity by different inhibitors, that the lens — such a way that lens transparency is secured 


enzyme is in all probability similar in nature at all times of the lens’ life 


to chymotrypsin ; 

The primary function of an extracellular SUMMARY 
protease (for example, trypsin and chymo 1. An intracellular proteolytic enzyme has 
trypsin) is to hydrolyze protein. However, been detected in the steer lens which is very 


the function of the lens enzyme is not clear similar to cathepsin C 


While it is similar in substrate specificity to 2. The enzyme is highly inhibited 


that of chymotrypsin, it does not appear to isopropylfluorophosphate, ovomucoid, and a 
function as an extracellular protease owing less degree of inhibition was found in the 


to the high concentration of protein in the case of cetylpyridinium chloride, soybean 


lens. It is suggested, therefore, that its func trypsin inhibitor, and p-chloromercuribenzo 
tion may be one of synthesis rather than 
degradation since intracellular proteases 
(for example, cathepsin C) have been shown Sth Street 
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OSMOTIC PRESSURE MEASUREMENTS OF INTRAOCI AR 
FLUIDS BY AN IMPROVED CRYOSCOPIC METHOD 


PHYSIOLOGIC SIGNIFICANCE RELATIVE TO AOUF‘ 


MiryAM Z. Kass,’ Pu.D., AND HARRY 


Philadelphia, Pennsylvania 


It has been generally assumed that the terior chamber through the 
bulk flow of aqueous hun from the pos into the anterior chamber an 
angle, is maintained by an osmotic pump 


* Fron ] Nesearch Department Vil mechanism activated by an osmotic pressurt 


Hospital, and the Department sochemistry ‘ 
gradient increasing from the plasma to th 


svivania. This investieatios pe ; posterior chamber fluid. In experimental sup 

by a grant-in-aid from ation mincil to por Is concept are the many 

Blindn ra ‘ (,-706 ) ’resented 

Pre panes pressure measurements of the aqueous humor 
er 22, 1958, 


ind plasma made in the rabbit, man, an 
othe inimal species, recently rev 

Levene Because of the relative 

noving aqueous humor from t anterior 


chamber in sufficient amounts for analvsis 
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AQUEOUS HUMOR DYNAMICS 


measurements have been made almost exclu 
sively upon this fluid 

rhe observed hypertonicity of the aqueous 
humor of the anterior chamber to the plasma 
as well as the existence of a unidirectional 
flow of fluid from the plasma into the pos 
terior chamber of the rabbit eye has led to 
the assumption that the aqueous humor of 
the posterior chamber is also hypertonic to 
the plasma 

lhe only measurement of osmotic pressure 
of the aqueous humor of the posterior cham 


1951 


W ho re] d 


ber was made by Kinsey? in {vapor 


pressure method of Balde 


the 


osmotic pressures of 


that the 


aqueous 


humors of the and anterior cham 


posterior 


bers of the rabbit eye wer equal and that 


both were higher than that of the plasma, by 


3.0 mM /kg. H.O of 


in amount equivalent t 


NaCl This relationship was adduced as eVl 
dence in support of the secretion of aqueous 
humor arising in the posterior chamber of 
the rabbit eve Moreovet1 In view of the ob 
served isotonicity of the aqueous humors of 


both chambers, Kinsey concluded that no net 


exchange of water occurred between the 


plasma and the aqueous humor of the 
aQucous mo r tne an 


terior chamber. Consequently, the rate of 


flow o: aqueous humor out at the angle could 


be considered to be essentially identical to the 


rate of formation of aqueous humor in the 


chamber and to the rate of flow 


poste rior 


through the pupillary space into the anterior 


chamber 
lhe concept of the fundamental depend 
ence of aqueous humor formation upon the 


hypertonicity of the aqueous humor in the 


posterior chamber to the plasma has served 


as a basis for the explanation of the suppres 
formation elicited 
Dati 


found a 


sion of aqueous hur 
ninistration of 
rrets-Zavalia and Remedi 


fall the 


by the intravenous ad 
mox. | 


electric conductance of the an 


terior aqueous humor of the dog, of the 
order of 5.0 mM /liter equivalent of NaCl, 
if te in intravenous injection of Diamox 
While the use of ‘ onductance as a 
basis tor the est ition of relative osmotic 


pressure 1s open to derable question, 


the significance of these results is also doubt 


ful in view of the absence of simultaneous 


corresponding plasma measurements. 


Langham and Lee* concluded that intra 


ocular dynamics were not essentially affected 
by Diamox but at the same time suggested 
that the temporary decrease in rate of flow 


of the aqueous humor after Diamox may 


have resulted from disturbance of the nor 


mal osmotic balance between the aqueous 


humor and blood, although direct measure 
ments of this relationship were not made. 
Similarly, Davson and Luck® suggested that 
the action of Diamox upon the dynamics and 
chemistry of the aqueous humor was pri 
marily a reflection of a presumed decrease in 
the osmolarity of the aqueous humor in rela 


tion to the plasma. On the other hand, 


Levene'* and Tanner and Harris,® using the 
l‘iske osmometer, found that the intravenous 


did 


cantly alter the osmolal relationship between 


administration of Diamox not signifi 
the aqueous humor of the anterior chamber 
and the plasma 

While 
tion Auricchio 


Hill-Baldes 


method, reported the failure of intravenous 


this paper was in 


Wistrand, 


thermoelectric 


prepara 


and using the 


vapor pressure 


Diamox to alter the tonicity of the aqueous 


humors of the rabbit after 65 to 75 


min 
utes. Direct comparison of the posterior and 
anterior chamber aqueous humors could not 
be made since the posterior and anterior 
chamber fluids were removed from eyes of 
different rabbits and the types of anesthesia 
employed prior to tapping the posterior 
chamber and anterior chamber aqueous hu 
mors were not the same (local and general, 
respective ly ) 
Because of the particular significance at 


tributed to the maintenance of an osmoti 
pressure gradient between the plasma and the 
aqueous humor relative to the dynamics of 


aqueous humor formation, and to the mode 


Manne 
" rhe i preprint of his paper. We would 
like to express our appreciation to Dr. Kinsey 

or bringing to ot ttentior e unpublished work 
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of action of Diamox upon the eye, this in- 
vestigation was undertaken to ascertain the 
osmotic pressure relationship between the 
of the and 
the 


determine 


aqueous humors anterior 


pos 
the 
of 


and 
effect 


terior chambers of 
to 


rabbit ye 


plasma, and the 
Diamox upon these relationships 

The pursuit of this study was facilitated 
accurate, 


by the availability of a sensitive, 


and relatively simple mucrocryoscopic 
method. 
The of 


normal untreated 


this study show that in 


rabbits the 


results 
osmotic pres 
sure of the anterior chamber aqueous was 
significantly greater than that of the pos 
terior chamber aqueous and of the plasma. 
On the other hand, no osmotic gradient was 
found to exist between the aqueous of the 
posterior chamber and the plasma. The re 


sults further indicate that after an intra 


venous injection of Diamox, the osmotic 


pressure of the anterior chamber aqueous 
was decreased to a significant degree while 
that of the posterior chamber aqueous and 
the plasma were not substantially affected 


by the drug 


METHODS AND PROCEDURES 


FREEZING-POINT DETERMINATION 


The freezing-point apparatus and method 
of Ramsay and Brown® were used with slight 
modification. Because of the high degree of 
sensitivity and reproducibility as well as its 

g 


general applicability for handling very small 


volumes of fluid, the apparatus and method 
are described in detail 

Description of Che 
ment is divided essentially into two sections 


1) 
the 


instrument instru 


( fig the control panel and light source 


right and the freezing bath on the 
The bath 
into four subcompartments 
the holdet 


microscope, and the cooling section with the 


on 


left (fig. 2) in turn is divided 


the impeller, 


specimen and thermometer, the 


Che us by C. N 


antown 


instrument was 
Manufacturing ( 


Avenue, 


constructed ! 
> 
ompany, OZUS ( 


Philadelphia 44, Pennsylvania 


AND HARRY GREEN 


(Kass and Green) 


Fig. 1 


freezing-point depression instrument, 


Control panel on right. Bath compartment 


heating element set between the impell 


cooling unit 

In order to minimize heat exchange paths 
and condensation surfaces, leucite plastic 
was used wherever feasible for the construc 
of within the bath 


tion parts 


With the bath 


level kept ata predetermined set he ight, the 


 peration instrument 


bath (30 percent methanol) was cooled by 


adding dry-ice and absolute methanol to the 


Pyrex outer vessel of the cooling unit 
cient circulation was maintained continuously 
by means of the impeller so that within 20 to 
30 bath 


several degrees below ZeTo 


minutes the attained the required 
temperature of 
The inner cooling vessel containing 


ak 
ilcohol of the 


ice mixture was immersed into th 


outer vessel. The temperature 
was raised slowly by adjusting the depth 
of of the 


immersion inner vessel by mean 


of a movable collar. Simultaneous manipula 
tion of the heating system, via a dial on the 
control panel, regulated the bath tempera 
ture so that during the thawing of a frozen 
specimen a temperature change of 0.01°C 


desired 


maintained 


per minute or any other optimun 


could readily be 


Br 


nS made me th Ramesa 


nstrument \ mercury-in-glass 


thermometer ( Heidenhain), 15.0 cm. in ex 


posed length, was used which had a working 


aig 
Word 
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nstrument show 


ng contents of its four subcompartments: Micro 

scope, inner 1 oute g vessels, heater id 
px er, the ete Spe holder 

temperature range of from © to 1.0°C 


and was calibrated in 0.01°C. Readings were 


estimated to the nearest 0.005°C,. A magni 


fying bar of leucite, clamped to the ther 


mometer, contamed reference crosshair 


which was set at riven thermomet I | 
Wi a Tl neter reat 


~ 


ing. To reduce possible errors due to pat illax 


a chin rest for the observer was stationed in 


front of the instrument and thus a constant 


eve-thermometet relat onship was main 


tained. The heating unit used a rheostat ar 


rangement so changes in re 


sistance th the turn of a 


could be 


dial instead of a fixed-point switch system 


Eye strain was decreased with the use of a 
binocular microscope head and a X10 mag 
nihication 

Advantages f th Ramsay-Brown 
method—The apparatus was designed to 


j small vol 


determine the freezing-point of 


umes of aqueous solutions and avoids the 


difficulties of undercooling by first freezing 


the sample and then determining the thawing 


point. It offers several distinct advantages 


over others employed for this purpose: 

It is relatively simple with regard to con 
struction, operation, and maintenance. 

The method works best with volumes of 
the order of 10° to 10° Thus the 


freezing-point of aqueous humor from single 


mm.* 


eyes is readily determined without the neces 
sity of pooling samples from several eyes. 
The disadvantages attendant upon pooling of 
samples, such as evaporation, loss of COs, 
dissolution of aqueous or plasma constituents 
when standing under a protective fluid at 
room temperature for long periods, excite 
ment incident to a group of animals brought 
into the laboratory at one time, and so forth, 
are no longer possible sources of error. This 
ability to measure individual rather than 
pooled samples is obviously highly desirable. 

The accuracy of the comparative deter 
minations is greatly enhanced by the fact 
that samples of blood plasma and posterior 
and anterior chamber aqueous of a given 
rabbit can be measured simultaneously in 
the same system under one set of bath and 
temperature conditions. Any errors incurred 
are thus identical for all three samples and 
would not affect their relationship with each 


other 


(OBTAINING THE SPECIMEN 


An adult pigmented rabbit weighing be 
tween four and six pounds was brought into 
the laboratory and confined in a wooden box 
one hour prior to the experiment. The rab 
bit’s right eye, previously treated with one 


0.5-percent pontocaine hydro 


flushed 


drop of 


chloride solution, was proptosed, 


with isotonic saline and blotted dry, and 


then tapped to obtain the posterior chamber 


aqueous humor and the anterior chambet 


aqueous humor in that order. The posterior 


chamber aqueous humor was removed by 


means of a capillary micropipette with a 
sealed-in platinum 26-gauge needle as previ 
ously described.* The fluid in the pipette was 
immediately expelled with the aid of syringe 
and plunger under a layer of silicone oil 


contained in a watch glass and the latter was 


a 
: 
~ 
; 
+ 
Fig. 2 (Kass and The ompartment 
ve rol e hal 
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a Petri glass cover Che aque 


covered with ; 


ous humor from the anterior chamber was 


removed as previously described” and ex- 


pelled as abov e. 


Blood plasma was prepared from _ the 
whole blood withdrawn from the central 
ear artery into a Siliclad-treated’ tuber 


culin syringe containing a layer of 


affin oil. The blood was transferred? under 


par 


oil, to a 5.0 ml. centrifuge tube and spun in 
a refrigerated centrifuge (International PR- 
1) at 1,000 rpm for 10 minutes. The plasma 
was then withdrawn under oil into a tuber 
culin syringe and delivered to a watch glass 
containing paraffin oil.§ 

After paracentesis of the right eye and 
the withdrawal of a blood sample, the left 
eye was tapped as described above, either im 


fluids formerly immersed 
parathn oil to pr 


It was observed, however, that if 


* The 


under a layer of 


aqueous were 

tect them from 

ccontact with air 
remained in 

as little as 10 to 15 minutes, a viscious film developed 

around the specimen. This formatior 


NaCl solution of 


immersed in oil or if the 


the aqueous contact with the oil for 


lid not occur 
if a specimen of omparable con 


centration was aqueous 
exposed to the atmosphere 


was ) 
Carbide L-45 


specimen simply 
With Silicone oil 
100) no film developed 

+ To 


sample, 


(Union Viscosity 


blood 


osmot 


heparin in the 


easured 


obviate the need for 


which might affect the 


pressure, the following technique was used at first 


\ Luer Lock Nylon Syringe (Labtician Products 
Company, Hollis 23, New York) was used to with 
draw arterial blood via a needle treated with “Sili 
clad” (a water soluble silicone oncentrate, a non 
wettable material, manufactured Clay-Adams, 


Im New York). Very frequently during cen 
trifugation the plasma coagulated. Since the 
plunger in the nylon syringe was rather stiff in 


operation, it was assumed that some of the platelets 


broken in the 


expulsion process trom the 


tube and 


were 


syringe to the centrifuge coagulation 


} 


resulted. The nylon syringe has been replaced wit! 


a rewular glass tuberculin syringe which has been 


Siliclad treated 
and centrifuge 


In addition, all the needles, syringes, 


tubes coming in contact with the 


blood and plasma were Siliclad treate 
t To prevent hemolysis of the blood cells with a 


resultant red tinged plasma color, the needle of the 
placed below the oil 


blood-containing syringe is 


layer in the centrifuge tube thus minimizing cor 
tact of blood with the oil 
§ Paraffin oil since no film 


as with the aqueous humor 


was used formation 
was noted 
stated 


These capillaries were drawn to the 

equalled 


diameter so that a specimen whose lengt! 
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mediately in the normal untreated rabbits o1 
at some specified time interval after Diamox 


administration. 


PREPARING THE SPECIMEN FOR FREEZING 


POINT DETERMINATION 


Samples were drawn from the watch 
glasses, with the visual aid of a magnifying 
lens, into specially prepared‘ silica-quartz 
capillaries of 0.1 mm. I.D. The posterior 
chamber aqueous humor, anterior chamber 
aqueous humor, and plasma were each drawn 
into separate capillaries which in turn were 
inserted into oil-bearing protective tubes 
Each capillary contained several samples of 
the same specimen, the samples being sep 
arated one from the other by a drop of oil 
The protective tubes bearing the capillaries 
were fitted side by side into the specimen 
holder which held the tubes during all sub 
sequent handling. The specimens were frozen 
by immersion into an alcohol-dry-ice mixture 
beaker or small Dewar 
A quick trans 


treezing 


contained within a 
flask outside the instrument 
fer to position within the below 
bath was then made and microscopic observa 


tion begun 


Figure 3 shows the specimen in its initial 
frozen state. Gradual thawing (fig. 4) and 


disappearance of the frozen crystals was 
effected by controlled raising of the tempera 
ture until as seen in Figure 5 the last crystal 
approached the meniscus. The freezing-point 


of the given specimen is then defined as the 
] 1; 


temperature at which the last crystal dis 


appeared behind the meniscus 


PERIMENTAI 


Calibration of the instrument. To allow 


comparison of our results with those of 


other investigators it was necessary to ¢ quat 


ts diameter would have volume of 10 


specified by Ramsay as the critical maximum volume 
bet weet 


which allows for instantaneous equilibriun 


bath and specimen. TI 
tubing by 


lrawn tror 


Graham, Sr., and James 


capillaries were 
quartz James 
University of Pennsylvania 
final check on 


i dissecting micri 


Graham, Ir. of the 
Glassblowing Shop. A capillary 


diameters was made using scope 


with microme 


Fig. 3 (Kass { 
icroscope 
Le t) P 
‘ s (Right) | 
a given freezing-po 


solution ot specih 
was therefore calib 
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g with a NaCl 
Phe 


rated with standard solu 


int readit 


instrument 


tions of purified sod chloride, ranging 
from 0.1560 to 0.1680 molality the expected 
range of blood plasma and aqueous humor 
osmolal concentrations). Freezing-point de 
terminations on four NaCl solutions wert 
made numerous times, ¢ experiment en 
ploying fresh samples from the original 
stock solutions 
Plasma-serun ) } Plasma was 
prepared from art blood (as described 
ibove ) An iddit I Ss { of arterial 
blood. withdrawn at the s e time, was pet 
itted to stand under oil for about 20 min 
utes to jx it clotting This sat ple 
was then centrifuged | the seru with 
drawn tor a free g lete ination 
rperime) \s a control, the 
right eve of a nor | eated rabbit was 
tapped for pos chamber aqueous 
humor and anterior cl er aqueous humor 
The sodium salt ot icetazolamicde (30 
mg./ml.) was injected at a dosage of 30 mg 
per kg. of body weight int the marginal eat 


vein. Thirty or 60 


to the « Xperimen 


r, according 


tes ite 


was similarly 


Fig. 4 (Kass and Green). Microscopic observation 
pecimens after partial thawing had occurred 


chamber 
ever an 


plasm 
plasma 


tapped for post rl 
iqueous humor 
eye was t 


Was prt pared 


or chamber and anterior 


In all cases when 


apped a sample of blood 


from arterial blood 


withdrawn immediately after paracentesis of 


the eye Each anin 


an experime nt 
the 


Because of 


al was used only once for 


natural variation 


large 


among rabbits, each Diamox experiment had 
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its own set of controls, the data of which \OUEOUS HUMOR-PLASMA RELATIONSHIPS 
were not used for other Diamox exper IN NORMAL RABBITS (table 2) 
ments It can be seen from the results of measure 

> ments of some 30 individual eves that the 

RESULTS 

freezing point depression of the aqueous 

INSTRUMENT CALIBRATION AND ACCURACY 


OF MEASUREMENTS 


From the measurements of the freezing 


point depressions of standard solutions of 


NaCl (table 1) of 


0.1561 molal to 0.1680 molal, it can be seen 


concentrations from 


that the method gave highly reproducible 


values for aliquots of the same stock solu 
with an over-all f 


thon accuracy ot 


0.010° 


average 
within 95 percent confidence limits 
(two standard deviations ). The difference of 
0.010°C. was equivalent to 
0.003 M NaCl /kg. H.O in the specified con 
The difference 


measured values and the calculated values for 


a difference of 
between the 


centration range 


the corresponding concentrations of NaCl 


humor of the posterior chamber (0.495°C.) 
was not significantly different from that of 
the plasma (0.490°C.). 
depression of the aqueous humor of the an 


The freezing point 


terior chamber (0.535°C.) was markedly 
greater than that of the aqueous humor of 
the posterior chamber as well as that of the 


plasma. That this difference was statistically 


significant was not only evident from 
the estimation of the student ‘“t’ test 
(0.01 > P > 0.001) but also from the fact 
that in all but two of the 29 comparisons 


the freezing-point of the aqueous humor of 
greater than that 
The 


summarized in the form of a bar-graph (fg 


the anterior chamber was 


of the posterior chamber data a 


(using constants determined by Scatchard'') 6). On the basis of concentrations the aque 
was 0.026°C ous humor of the anterior chamber was 
TABLE 1 
F REEZING-POINTS OF STANDARD NaCl SOLUTIONS AS MEASURED ON RAMSAY-BROWN 
FREEZING-POINT-DEPRESSION INSTRUMENT 
Soln. A B Cc D 
0.1561 M* 0.1621 M 0.1649 M 0.1680 M 
Experiment No, 
( 
1 0.510 0.542 0.537 0.545 
2 0.510 0.527 0.536 0.548 
3 0.510 0.531 0.544 0.558 
4 0.512 0.527 0.532 0.558 
5 0.512 0.529 0.530 0.562 
6 0.515 0.529 0.534 0.550 
7 0.529 0.531 0.557 
8 0.537 0.554 
9 0.539 0 553 
10 0.545 0.559 
1 0.537 0 552 
12 0.535 
13 0.550 
14 0.535 
\verage 0.512 0.530 0.537 0.554 
S.D.% 0.0010 0.0055 0.0077 0.0045 
S.E.M.% 0.0004 0.0021 0.0021 0.0014 
Calculated value§ 0.536 0.557 0.567 0.577 
Difference between calculated 
value and measured average 0.024 0.027 0.030 0.023 
* Moles per 1,000 g. H,O 
t All values of freezing points in “¢ below zero 
t S.D., standard deviation; S.E.M., standard error of the mean. 


§ Calculated from freezing-point data of Scatchard 
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rABLE 2 
AQUEOUS HUMORS AND BLOOD PLASMA OF NORMAL 
UNTREATED RABBITS 


FREEZING-POINTS OF 


Sample Sample A.C Pl 
1 0.574 0.619 0.496 16 0.485 0.493 
2 0.545 0.630 0.472 17 0.496 0.485 
; 0.509 0.520 0.485 18 0.465 0.512 0.484 
4 0.515 0.542 0.505 19 0.466 0.615 0.478 
5 0.560 0.630 0.510 20 0.550 0.535 0.490 
6 0.540 0.602 0.511 21 0.464 0.500 0.478 
7 0.501 0.524 22 0.475 0.556 0.486 
8 0.477 0.510 23 0.455 0.497 0.488 
9 0.505 0.512 0.487 24 0.513 0.615 0.497 
10 0.440 0.530 0.460 25 0.450 0.495 0.465 
11 0.484 0.502 0.470 26 0.500 0.525 0.488 
12 0.465 0.489 27 0.522 0.516 0.489 
13 0.465 0.495 0.495 28 0.468 0.520 0.496 
14 0.493 0.517 0.498 9 0.505 0.518 0.498 
15 0.478 0.493 30 0.477 0.530 0.528 
Ke P 

No. of samples 29 0 25 

Av. mM /1,000 

eq 

NaCl 148.5 160.5 147.0 

Av. A (°C 0.495 0.535 0.490 

S.D 0.0360 0.0435 0.0141 

S.E.M 0.0066 0.0079 0.0028 

t 3887 0.001>P 

(A.C.-Pl 5.35 0.001>P 

0.697 0.50 >P>.40 


queous; A.C., anterior chamber aqueous; P1., plasma 


equivalent to a 0.1605 molal solution of 
NaCl, while the aqueous humor of the 
posterior chamber and plasma were equiv O i5S9- 
alent to 0.1485 molal and 0.1470 molal N S 
= 
respectively 
PLASMA-SERUM SAMPLES OF NORMAL RAB + ISS 
BITS | table 3) oO 
N 
Before working out a suitable technique x 
for separating plasn a trom whole blood 
without the use of heparin (spinning whole 
blood at the relati ' y low centrifuge speed S 
of 1,000 rpm in Siliclad-treated glassware 2) 147 
obtaining uncoagulated plasma was a hit > 
and miss proposition. Since serum obviated E 145F- 
this difficulty the possibility « f its use instead 
of plasma for the freezing-point determina Qa 
tions was contemplated. A comparison ther 141 
fore was mack of the freezing pom values PC AC Pi. 
ot these two blood fractions 
ig Kass and Green). Freezing-points ot 
lable 3, representing Cata from nine rab queous umors and normal untreated 


bits. shows that for purposes of freezing rabbits 


| 
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TABLE 3 


COMPARISON OF FREEZING POINTS OF 
SERUM OF NORMAL UNTREATED 


PLASMA AND 
RABBITS 


Rabbit Plasma Serum 
488 
483 
492 
483 
465 
470 


0.495 0 
0.488 0 
0.492 0 
480 0 
465 0 
468 0 
490 0.490 
487 0.485 
$98 0.496 


483 
031 
010 


484 0 
031 0 
010 0 


S.D 
S.E.M 
0.07 
P P>0.90 


and serum may be used 


point studies plasma 


interchangeably. 


DIAMOX-TREATED RABBITS 


Comparison of aqueous humors of left 
and right eves of normal rabbits (table 4). 


The results showed that although the freez 


ing-potnt depression of aqueous humors of 


sister eyes of the same animal varied by as 


much as 0.05°C., on the average there was 
difference between the values 


(0.490 


no significant 
for the left 
0.490° for the aqueous humors of the pos 


and right eyes and 


terior chambers of the left and right eyes, 


rABLE 


AQUEOUS HUMORS OF 


COMPARISON 


Rabbit 


O.S.-0.D 


0.480 
0.487 
0.495 
0.490 
0.500 
0.497 
0.498 
0.470 


oo 


\verage 0.490 
S.E.M 0.003 


Absolute difference between two eves 


then tapped in same order 


Right eve interior « 
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0 


0 


hamber fluid removed after paracentesis of posterior chamber 


GREEN 


and 0.512° and 0.509° for the aqueous 


humors of the anterior chambers of the same 
eyes). This essential similarity between the 
two eyes justified the use of aqueous humors 
for the effect of 


of control 


Diamox 


one eye as a 


upon the aqueous humors of the 
contralateral eye. 

Effect of the 
humors and plasma 60 minutes after injec 
tion (tables 5, SA) 


Table 5 


pressions of the aqueous humor of the pos 


Diamox upon aqueous 


It can be seen from the 
data in that the freezing-point cd 
terior chamber and of the plasma were not 
significantly affected 60 minutes after the 
intravenous injection of Diamox. The freez 
ing-point depression of the aqueous humor 
of the anterior chamber, however, was sig 
nificantly less after Diamox than the control 
(0.500 at 60 and O min 


value and 0.535 


utes, respectively). In terms of osmotic pres 
sure, Diamox significantly decreased the os 
motic concentration of the aqueous humor 
of the anterior chamber, but had no signifi 
cant effect upon that of the posterior cham 
ber and the plasma. These results have been 
summarized graphically in Figure 7 

A direct comparison of freezing-point re 
lationships between the aqueous humors and 
the plasma, before and after Diamox, 


Table 5A. It 


from the results of 10 experiments that after 


is clear 


given by the data in 


RIGHT AND LEFT RABBIT EYES 


0.1) 


006 

010 
O15 
010 
001 

007 
007 


516 
504 
510 
520 
510 
512 
511 
492 


032 
020 
005 
025 
010 
005 
O55 


021 


0029 
0028 


509 
007 


00037 


0094 0.007 


0216 0071 


Left eve (OS 


10 (te 
0 
0 
0 
P.C., & (% 
O.D O.S O.D OS 
0.512 | 0.522 0 0 
0.507 0 0 505 0 0 
0.500 0 0.500 0 +{) 
0.465 +) 0 535 0 0) 
0.510 0 0.520 0 ) 
0.49) +) 0.513 0 0) 
0 443 -() 0.504 0 +0) 
| 0.491 0.499 0 0 
0 0 
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rABLE 5* 
EFFECT OF DIAMOX ON FREEZING-POINTS OF AQUEOUS HUMORS AND PLASMA 
lime: 60 min. All values in terms of freezing-point depression in 0°C 
Posterior Chamber Anterior Chamber Plasma 
Rabbit 
A \ Ago_A \ Ag Ago_A Aon Ag Ago_A 
1 0.550 0.508 0.042 0.535 0.495 0.040 0.490 0.493 +0003 
2 0.556 0.505 0.051 0.486 0.492 +0 .006 
3 0.497 0.488 0.009 0.488 0.485 0.003 
4 0.513 0.485 0.028 0.615 0.518 0.097 0.497 0.495 0.002 
5 0.450 0.452 +0 002 0.465 0.465 0.00 
6 0.525 0.475 0.050 0.488 0.478 -0.010 
7 0.522 0.518 0.004 0.516 0.516 0.00 0.489 0.500 +0.011 
8 0.468 0.493 -0.025 0.520 0.500 0.020 0.496 0.488 0.008 
9 0.505 0.502 0.003 0.518 0.508 0.010 0.498 0.485 0.013 
10 0.477 0.496 +0.019 0.530 0.495 0.035 0.528 0.485 0.043 
Av. mM /1,000 ¢ 
H.O eq NaCl 149.1 147.9 Som 160.5 150.0 10.5 147.9 145.5 2.4 
Av. A(°C 0.497 0.493 0.004 0.535 0.500 0.035 0.492 0.487 0.005 
S.D 0.030 0.010 0.032 0.010 0.010 0.017 
S.E.M 0.0096 0.0038 0.0097 0.0033 0.0030 0.0054 
0.388 3.431 0.806 
P 0.80>P>0.70 0.01>P>0.005 0.50>P>0.40 
* Freezing-point deter itions made on aqueous humors (posterior chamber and anterior chamber) taken 
from right eye before Diamox administration (0 minutes) and on left eve fluids taken 60 minutes after Dia- 
mox. Control and test blood plasma (PI.) prepared from whole blood obtained from ear arteries 
GO minutes Diamox decreased the difference chambers. As the data indicate, these smaller 
in freezing-points between the aqueous differences reflected essentially the decrease 
humor of the anterior chamber and the in magnitude of the freezing-point depres 
plasma as well as the difference between the — sion of the anterior chamber aqueous humor 
aqueous humors of the anterior and posterior relative to those of the plasma and posterior 
TABLE 5A 
EFFECT OF DIAMOX ON FREEZING-POINT DIFFERENCES BETWEEN AQUEOUS HUMORS AND PLASMA 
Time: 60 n \ll values in terms of freezing-point depression differences in °C 
P.C.-Pl \.C.-Pl A.C.-P.¢ 
Rabbit 
A Aso_A A Aso a Ago_A A Ago: Ago-A 
1 0.060 0.015 0.045 0.045 0.002 0.043 0.015 0.013 +0.002 
2? 0.070 0.013 0.057 
3 0.009 0.003 0.006 
} 0.016 0.010 0.026 0.118 0.023 0.095 0.102 0.033 0.069 
5 0.015 0.013 +0 002 
6 0.037 0.003 0.040 
7 0.033 0.018 0.015 0.027 0.016 0.011 0.006 0.002 +0 004 
8g 0.028 0.005 +0.033 0.024 0.012 0.012 0.052 0.007 0.045 
9 0.007 0.017 +0 010 0.020 0.023 +0003 0.013 0.006 0.007 
10 0.051 0.011 +0.062 0.002 0.010 +0 008 0.053 0.001 0.054 


\v. mM /1,000 


eq. NaCl 1.8 ».4 +0.6 13.2 8.7 11.4 2.1 9.3 
Av. A (°C 0 003 0.006 003 0.039 0.011 0.028 0.033 0.005 0.028 
Sp 0.0349 0.0119 0.0337 0.0084 0.0403 0.014 
S.E.M 0.0132 0.0045 0.0112 0.0028 0.0164 0.0058 
na 0.216 2.43 1.61 
P 0.90>P>0.80 0.05>P>0.025 0.20>P>0.10 
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Fig. 7 (Kass and Green) 


aqueous humors and plasma point deter 


made on us hut 
and 
intravenous Diamox 
and on left eve fluids taken 30 or 60 

t blood 


minations aque ( posterior 


chamber anterior chamber ) from right 


before Iministration (30 


mg./kg.) 


minutes 1 tes 


Diamox. Cont 


plasma (PI.) prepared from whol 


atter 
| lood ( btaime d 


trom ear arteries 


the latte: remained sub 


constant 


chamber, having 


stantially On the other hand 


Diamox had no consistent effect upon the 


relationship between _ the 


the 


freezing-point 


aqueous humor of posterior chamber 
and the plasma. In terms of osmotic pressure, 
Diamox sig 


the intravenous injection of 


nificantly decreased the osmoti pressure 
gradient between the anterior chamber aque 
ous and the plasma and that between the 
aqueous humors of the anterior and posterior 
chambers but had no significant or consistent 
effect upon the osmotic pressure relationship 
between the posterior chamber aqueous and 


5A the de 


gradient be 


the plasma. As shown in Tabk 


crease in the osmotic pressurt 


tween the aqueous humor of the anterior 


chamber and the plasma 60 minutes after 


Diamox was equivalent to a decrease of 
about 8.7 mM of NaCl equivalent/Kg. H.O 

Effect f 
humors and plasma 30 minutes after injection 


6A). in 


Green 


Diamox upon the aqueous 


(tables 6, view of the recent ob 


servations of and Sawyer,” Gloster 


and Perkins,’ 


elicited both physical-chemical and pharma 


and Langham" that Diamox 
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cologic responses within the first sever 
minutes after injection, it was deemed dest 
able to effect of the 


determine the drug 


upon the freezing-points at time intervals 
of less than 60 minutes after adr jnistration 
The data of Tables 6 and 6A show clearly 
that Diamox had no consistent or significant 
effect upon the freezing-point depression of 
and 
It 


the chamber humor 


of the plasma, and apparently did not a 


posterior aqueous 
depression relationship 


fluids 


the freezing-point 


between these two Regarding the 


chamber it 
lable 6 that 


aqueous humor of the anterior 


can be seen from the data of 


although the freezing-point depression after 
30 minutes was not as large as the control 
value (0.502 compared with 0.514, respec 
—),012 not 


the 


tively), the difference | was 


statistically significant. Similarly while 
freezing-point depression difference between 
the aqueous humor of the anterior chamber 
0.0176 


ind the plasma was diminished by 


30 minutes after Diamox, statistically the 


effect was not considered significant. These 
results have been summarized graphically 1n 


Figure 7. 
DISCUSSION 


In the present study considerable precau 


tions were taken in the removal of aqueous 


humors and arterial blood and in their han 


lling to preserve as closely as possible th 


essential in vivo physiologic properties of 
fluids of the 
that the 


Furthermore, in view 


fluids to be 


these 
fact 
measured simultaneously under identical ex 


compared wer 


perimental conditions, the results of this in 


vestigation are submitted as being repre 
sentative, to a significantly high degree, 

the physical-chemical relationships of th 
aqueous humors and plasma of the normal 
rabbit, and of the effect of an intravenous 


injection of Diamox thereon 


The freezing-point depression and osmotu 


a solution are colligative 


nly upon the number of 


pressure of 
erties, dependent 
dissolved partic les. regardless of the nature 


of such. Accordingly, the measurements of 
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TABLE 6* 


POINTS OF AQUEOUS HUMORS 


lime: 30 min 


Anterior Chamber 


Azo_A 

030 
O17 
019 
010 
022 
003 
008 
037 
005 
070 


500 
$85 
470 
505 


+-() 047 
0.017 
+0 .010 
+0033 
+-0.005 
0.026 
0.015 


+0). 024 


+2.4 154 
+). 008 O 
0 
0 


0360 
O11 


0200 
006 


4] 


0) 
40 


900 


0 >P>0.30 


rade on at 


0 minutes 


be 


a solution 


its osmoti respective 


of the « calibration of the 


rABLE 6A 


FREEZING-POINT DIFFERENCES BI 
HUMORS AND PLASMA 


ON 


terms ol treezing-point depre 


037 
0.020 


0 
0 


0.030 
0.012 


070 


032 


000 
019 


+0 O41 
0.006 


0 
0 


018 
O14 
028 
O15 
O48 
022 


O58 


O11 
028 


037 
006 
079 


-() O14 
+0 O15 


137 


1 
9 +0.0111 
0 
7 0 


9 9 5.1 

0.0424 0.0241 
0437 0.0197 
0127 0.0066 


compared by the 


AND PLASMA 


460 
470 


495 


0 
0 
0 


481 
0100 
004 


0.162 
0.90>P>0 


measure 


TWEEN AQUEOUS 


differences, 1 


0.090 
0.018 
0.024 
0.030 
0.024 
0.015 
0.008 


0.047 
0.149 


12.9 
0.045 
0.0434 
0.0145 


1.645 


0.20>P>0 


$85 
0141 
005 


ments 


freezing-point depressions." 


9 
019 
019 
0063 


A 


+0010 
+0 .003 


0.008 
+0 .011 


0.000 
+0 .001 
+0 .009 


+4 2 
+0. 004 


jueous humors (posterior chamber and anterior chamber) taken 
and on left eve fluids taken 30 minutes after Dia- 
prepared from whole blood obtained from ear arteries 


their 
By 


instrument with solutions 


of purified NaCl over a narrow concentra 


077 
000 
029 
023 
027 
029 
007 


020 


094 


0 
026 


$3 
Plasma 
1 0.440 0.530 0 0 | 0.470 P| 
2 0.484 0.502 0 0 0.473 
3 0.465 0.489 0 
0 0.495 0 0.487 
5 0 0.517 0.495 0.498 0.509 
6 0 0.452 0.493 0.496 0.468 
7 0 0.470 0.493 0.485 0.470 
bf 0.496 0.533 0.485 0.485 
9g 0 0 +0.015 0.512 0.507 0.484 0.485 
10 0. 0 | irae 0.545 0.478 0.487 
\v 
141.3 143.7 ) 150.6 3.6 144.3 145.5 | | 
\\ \ ( 471 514 0 502 0.012 0 
S.E.M 0 | 0 0 
1.250 
P 0.25>P>0.20 
A.C.-P .C.-P.C 
1 0.020 0.017 Lie 0.040 0.013 0 
? 0.014 0.020 0.018 0 
3 0.005 0 
0.030 0.011 | | 0 +0. 018 0.007 0 
5 0.005 0.011 | 0 0.033 0.003 0 
6 ) 0 0.044 +-() 
7 0 0.015 LO 
g 0 0 +0) 
0.019 0 0 0 0.027 
l 6 6 
0 OLRS 0 0 
S 1) imi ) 0 
S.E.M 0 0 
1.88 1.279 
0.10>P>0.05 0.25>P>0.20 
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tion range (table 1) a direct comparison of 
the molal concentrations of the three fluids 
in terms of NaCl equivalents could be cal 
culated. Such a comparison is not dependent 
upon any assumption concerning the nature 
of the osmotically active substances nor does 
it require any correction factor for osmoti 
cally inactive substances. Indeed, as Kinsey 
and Levene have shown, the osmotic pres 
sure of a standard saline.solution was not 
significantly affected by the presence of pro 
tein in concentrations equivalent to that 
present in plasma. Within the sensitivity of 
the present instrument (a freezing-point de 
pression of O.01°C 


difference of 0.003 


was equivalent to a 
NaCl 1,000 
gm. H,O) the effect of the plasma protein 


moles per 
concentration upon the freezing-point de 
pression of the plasma could also be con 
sidered negligible 

The 


clearly demonstrated the absence of any 


results of the present investigation 


significant osmotic gradient between the 
aqueous humor of the posterior chamber and 
bloc ul 


hand, the osmotic pressure of the aqueous 


the arterial plasma. On the other 


humor of the anterior chamber was found 
to be very significantly higher than that of 
the plasma. Furthermore, contrary to the 
findings of Kinsey, the results of the pres 
ent investigation clearly demonstrated that 
the osmotic pressure of the aqueous humor 
of the anterior chamber was very signifi- 
cantly higher than that of the posterior 
chamber. Indeed, in view of the fact that in 
27 out of 29 experiments, in which aqueous 
humors of both chambers of the same eye 
were treated under the same experimental 
conditions and their freezing-points deter- 
mined simultaneously, the osmotic pressure 
of the anterior chamber fluid was signifi- 
the posterior 
fact 


cantly greater than that of 
fluid, 
that the probability that this excess occurred 


chamber and, in view of the 
by chance was less than one in a 1,000, the 
experimental findings heavily favor the like 
lihood that such a gradient does exist be- 
tween the two chambers. 


GRI | N 


The absence of a significant osmotic pres 
sure gradient increasing from the plasma to 
the aqueous humor of the posterior chamber 
that the fluid that 


may not be an 


indicates flow of into 


chamber of the rabbit eve 
osmotic flow. Rather it may be a direct re 
sult of a H,O pump mechanism or associated 


with the active transfer of a particular ion 


The recent observations of Green and Saw 


are in accordance with these sugges 


tions 
Che 


pressure gradient increasing from the plasma 


existence of significant osmott 
to the aqueous humor of the anterior cham 
ber, coupled with the absence of a similar 
gradient between the plasma and the pos 
terior chamber, has important implications 
regarding our present concepts of the dy 
humor formation and 


namics of aqueous 


flow. Heretofore, it has been assumed that 
the flow of aqueous humor out at the angle 
of the rabbit eye was fundamentally a reflec 
tion of the unidirectional flow of fluid from 
the plasma into the posterior chamber and 
thence through the pupillary space into the 
anterior chamber. The contribution of any 
flow directly from the plasma into the anter 
ior chamber was not considered to be of any 
significance.** '® The present findings, how 
ever, provide strong evidence for the exist 
ence of a significant osmotic flow directly 
from the plasma into the anterior chamber 
and suggest that the flow of aqueous humor 
at the angle is composed of 


out of the eye 


at least two components: (1) the undirec 
tional flow into the anterior chamber from 
the posterior chamber; and (2) an osmotic 
flow chamber from the 


plasma. This concept has provided a basis 


into the anterior 
for the explanation of some of the results 
obtained by Green and Sawyer’* in thet 
studies with C-14 labeled NaHCO 

It is apparent from the foregoing discus 
sion that the hypotensive action of Diamox 
could not be related to the osmotic pressure 
relationship between the aqueous humor ot 
the posterior chamber and the plasma, unless 


the drug lowered the osmotic pressure in the 
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posterior chamber or raised it in the plasma 
On the other hand, a decrease in the excess 
chamber 


osmotic of the anterior 


fluid relative to that of the plasma could pos 


pressure 


sibly account, at least in part, for the hypo 
The 
this investigation on the effects of Diamox 
the 


tensive action of the drug results of 


upon the osmotic pressures of three 


showed the absence of 


ffect 


fluids clearly any 


consistent or significant either upon 


the osmotic pressures of the plasma and 
aqueous humor of the posterior chamber ot 
pressure relationship be 
fluids 


reasonable to conclude that the hypotensive 


upon the osmoti 


tween these two Consequently, it is 


action of Diamox is not dependent upon the 


osmotic pressure relationship betweer the 


aqueous humor of the posterior chamber 


and the plasma 

Che results with the aqueous humor of the 
anterior chamber, however, showed that the 
drug not only significantly decreased the os- 


motic pressure of this fluid in 60 minutes, 


but also, contrary to the findings of Levene 


and Tanner and Harris significantly reduced 


the osmotic pressure gradient between it 


and the plasma, After 30 minutes of Diamox 
action, howeve re the eftects were not as deci 
sive as after 60 minutes. Thus, while Diamox 


in 30 minutes decreased the osmotic pressure 


f the anterior chamber fluid and reduced the 


osmotic pressure gradient relative to the 
plasma, because of the wide variability of the 
values, the degree of lowering was not con 


Never 


the marked 


side red to be statistically significant 


theless, there is no doubt that 


decrease in the osmotic pressure gradient 


observed after 60 minutes had been initiated 


at some earlier tim period so that the ob 


served decrease after 30 minutes was prob 


ably of physiologic significance To what ex 


this decrease of the osmotic 


tent pressure 


gradient between 
anterior chamber and the plasma can be cor 
related with the lowering of intraocular pres 
sure and the decreased rate of flow of aque 
elicited by Diamox must await 


ous humor 


careful measurements of the rates of forma- 


wqueous humor of the 


tion of aqueous humor both in the anterior 
chamber and posterior chamber of the rab 


bit eye, as discussed above. 


SUMMARY 


1. The osmotic pressure relationships of 
the plasma and aqueous humors of the an- 
terior and posterior chambers of the rabbit, 
and the effect of Diamox thereupon, were 
determined with the use of the micro-cryo 
scopic apparatus of Ramsay and Brown. 

2. The ability to measure the freezing 
point depressions of the aqueous humors of 
both chambers from the same single eye and 
of the plasma simultaneously under exactly 
the same experimental conditions, together 
with the high sensitivity and reproducibility 
of the method, are unique properties of the 
Ramsay-Brown apparatus. 

3. The osmotic pressure of the aqueous 
humor of the anterior chamber in 27 out 
of 29 eyes was found to be markedly higher 
than that of the posterior chamber of the 
same eye, as well as that of the plasma. This 
excess was equivalent to 12.0 and 13.5 mM 
NaCl1/1,000 g. 


4. There was no significant or constant dif 


| ), respectiy ely 


ference between the osmotic pressure of the 
plasma and that of the aqueous humor of the 
posterior chamber 

The 


(30 mg./kg 


intravenous injection of Diamox 
) had no statistically significant 
or constant effect upon the osmotic pressure 
of the plasma and the aqueous humor of the 
posterior chamber, or upon the osmotic pres 
sure relationship between these two fluids 
in 30 and 60 minutes. 

6. Sixty minutes after the injection of 
Diamox the osmotic pressure of the aqueous 
humor of the anterior chamber was de 
creased by an amount equal to 10.5 mM 
NaC1/1,000 g. H,O. The osmotic concen 
tration excess of the anterior chamber aque 
ous over that of the plasma and aqueous 


humor of the posterior chamber, also de 


creased significantly by an amount equal to 
8.7 and 9.3 mM NaCl1/1,000 g. H.O, re 


spectively. After 30 minutes of drug action, 
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however, although the osmotic pressure of rabbit eye is composed essentially of two 
the aqueous humor of the anterior chamber, components: (a) the flow from the poste rior 
as well as its excess over that of the plasma chamber into the anterior chamber. and (b) 
and aqueous humor of the posterior chamber, a direct flow from the plasma into the an 
decreased by an amount equivalent to 4.8 terior chamber, Furthermore. while the data 
and 6.0 mM NaCl1/1,000 g. H,O, respec- do not support the concept that the flow from 


tively, the decrease was not statistically sig- the plasma into the posterior chamber is an 


nificant. Nevertheless, on the reasonable as osmotic flow, the evidence strongly favors 
sumption that the marked decrease observed the existence of an osmotic flow from th 
after 60 minutes was initiated earlier, the plasma directly into the anterior chamber 
smaller decrease measured after 30 minutes 


was considered to be physiologically signifi 1601 Spring Garden Street (2) 
cant, 


7. On the basis of the results it was sug A DDENDt 
gested that the flow of aqueous humor out 
of the anterior chamber at the angk of the witl l all rabbits 
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AEROBIC PATHWAYS OI 


BOVINE CORNI 
Jin H. Kinosuira, Pu.D., 
Boston 
INTRODUCTION 
Considerable information is available con 


cerning the glycolysis of the cornea’? but 
a great deal is known about the aerobic 


the 


not 


phase of glucose metabolism. Since 


corneal epithelium has a significant oxygen 


consumption,” the aerobic metabolism would 
to the 


appear contribute significantly to 
al energy. In this avas 
the 
and the hexose 


be 


1s 


cular tissue, two aerobic pathways, tri 


carboxylic acid (TCA) cycle 


monophosphate shunt pathway,*® may 
» 


functioning. In this report an attempt 


made to determine how prominent a role 


each of these aerobi pathways plays in this 


tissue and how the activities of these path 
ways compare with those observed in other 
tissues 


Che epithelium was removed by scraping 


with a scalpel the corneas from cattle eyes 
As soon as the epithelium was removed it 
was placed in a chilled Krebs-Ringer bicar 
95 


buffer d with 


5.0 


bonate aerate percent Op, 


and percent CO,. Corneal epithelium 


weighing about 500 1 was placed in a re 


action vessel 5.0 ml. of Krebs 


buffer and 100 uM of 


containing 


Ringer bicarbonate 


substrate. The incubation was run in 95 
percent O, and 5.0 percent CO, for thre 
hours at 37°C. Further experimental details 


were given In previous reports.** 


RESULTS 


AND DISCUSSION 

The rates of conversion of three forms 
of labeled pyruvate, C'*H,COCOOH, 

Fr He we | Opl thalmology 
and Depar ent of | Harvard Medi il 
] ul M rve ind | if Ir 
firmary. This work w pI ed in part United 
state Atomic Energ ( ( t No 
AT (30-1) -1368 


GLUCOSE 
AL 


AND 


METABOLISM 
EPITHELIUM 


IN 


PHOoMAS Masvurat, A.B. 


V assachusetts 


CH,C“OCOOH, and CH,COC™“OOH, to 
CQO. were studied to obtain evidence that 
(TCA) 


functioning in the corneal epithelium. As 


the tricarboxylic acid cycle was 
might have been expected the rate at which 
COOH) 

to CO 


carbon of 

was the 
CH,) carbon the 
Table 1 over 12 
COOH car 


bon of pyruvate were recovered as CO, 


the carboxyl | pyru 


vate was oxidized most 


rapid and the methyl ( 
As 
percent of the added labeled 


least rapid shown in 


in the course of three hours. The carbonyl 


( CO) carbon 4.54 


yielded percent as 
C™O,., while only 2.88 percent of the added 
CH, carbon of pyruvate appeared as 


C™QO, in the same period. The relative rates 
at which the three carbon atoms of pyruvate 


were converted to CO, were expressed as 


ratios of COOH CH, and CO 

CH,. The ratio of —COOH CH, from 
the C™O, recovered was 4.36 which indi 
cated that the rate at which the —COOH 
carbon of pyruvate was oxidized to CO, 
was over four times as rapid as that of the 

CH, carbon. The ratio of the —CO/CHs 
was 1.57 


It is interesting to compare the ratios ob 
served in the corneal epithelium with those 
of other tissues as is shown in Table 2. Many 
of these ratios were determined with labeled 
lactate rather than with pyruvate but, since 
these two intermediates are metabolically 
interchangeable, similar results should be ob 
tained as was the case in rat diaphragm. 
these give to the 


activities of the TCA cycle or the aerobic 


Since ratios no idea 


as 


process, the QO, is also listed and where 


data are available the amount of pyruvate 


oxidized per gram of tissue in one hour is 
also given. The data from —CO carbon and 


not the COOH carbon of 


pyruvate was 
used as an index of the activity of the TCA 
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rABLE 1 


OOXIDATION OF ( PYRUVATE TO COs BY BOVINE CORNEAL EPITHELIUM 


atios 
Exper % of Added C'* Recovered as CO, From Ratio 
ment 


No 


COOH 


CH,COC™OOH CH,C’OCOOH C'H,COCOOH 


2.82 
3.06 
i2 
06 
68 
58 
\verage 88 
rhe results are expressed as the percentage of the added C''-pyruvate recovered as CO, per 500 mg. of wet 
corneal epithelium per three hr. incubation. The specific activities used were 175 cpm/uM of CHy,;COC“OOH 
1 050 cpm/uM of CHyC™OCOOH and 1,020 cpm/uM of C'*H,;COCOOH 


cycle since it is conceivable that the thelium as evidenced by the oxidation of 
COOH carbon may be decarboxylated 28 ~™M/gm./hr. of pyruvate as compared to 


without the remaining two carbon fragments 3.0, the ratios are almost identical. The re 
undergoing the reactions of the TCA cycle. It sults with variously labeled pyruvate suggest 
appears from this comparative study that re strongly that the TCA cycle is functioning 
gardless of the QO, or the activity of the _ in the corneal epithelium. The slightly highet 
citric acid cycle the CQO, ratios of COOH CH, ratios observed in liver 
COOH/—CH, and —¢ CH; are re- and corneal epithelium than those of other 


markably similar with the exception of the tissues may be due to some of the acetyl 


lens. The similarity in the ratios of the Co A molecules formed after decarboxyla 
corneal epithelium and the liver is particu tion of pyruvate undergoing reactions ( for 
larly striking. Although the liver has a much example, fatty acid synthesis) other than 


higher TCA activity than the corneal epi those of the TCA cycle. There is an 


TABLE 2 


RATIOS OF THE CARBON ATOMS OF PYRUVATE OR LACTATI 


ype Of | Refer COOH ; CHOH Pyruvate 

Tissues nce Oxidized 
Substrate | CH uM /gm./hr 


Diaphragm (rat pyruvate 
lactate 


Kidney (rat lactate 
Liver (rat lactate 
lactate 
pyruvate 
Mammary gland (rat lactate 
Corneal epithelium (cattle pyruvate 
Corneal epithelium (rabbit 


Lens (cattle pyruvate 


Phe Qo, data were obtained from White, et al.," with the exception of the ocular tissues 


18 
CO 
CH CH 
8 1.74-2.1 1.21-1.48 
8 2.19-2.53 1.38-1.53 21 
8 3.5444. 36 1.54-1.67 
9 4 57 1.65 12-17 
10 
11 3.4 1.68 
4.36 1.57 } 3 
2 6.3 
12 |22 3.0 0.1 0.07 
. 


GLUCOSE 


MET 


indication that im most tissues the rela 


oxidation of the carbon atoms 


CO:;COOH of 


tive 
CH 


mated by the values of 1:1.5:2-4. It appears 


rates of 
pyruvate are approx! 
that, regardless of the activity of the aerobic 
process, the characteristics of the TCA cycle 
and the associated electron transmitting sys 
tem are 


such that the rates of oxidation of 


the three carbons of pyruvate seem to fall 


into a definite pattern. The exception, thus 


] 


lar, seems to be the lens where decarboxyla 


tion of COOH carbon occurs to some ex 


tent but the other two carbon atoms of 


pyruvate are not oxidized at a rate corre 
sponding to that observed in other tissues. 
Whether this is what occurs in tissues with 
an extremely sluggish TCA cycle or whether 
the decarboxylation process is coupled to a 
set of reactions other than the TCA cycle are 
proble ms currently be ing invé stigated 

[he other aerobic pathway which has been 


demonstrated to in the corneal epi- 
thelium is the hexose monophosphate shunt 
mechanism or the pentose phosphate cycle. 
Che the 


needed to carry out the select 
the 1) ator of 


corneal epithelium has enzymes 


ive oxidation of 


carbon-1 (( glucose and the 


ABOLISM IN 


CORNEA 49 


recy ling of the pentose phosphate formed to 


svnthesize a new he XOSE phosphate mole 
cule." 
the C 


suggesting that the corneal epithelium has 


Experiments with glucose labeled in 


l and C-6 position provide evidence 


one of the most active shunt mechanisms as 


is apparent when the data from this tissue 
are compared with others. 

In Table 3 is a summary of 
various 


the 


a compara- 
14 
Che 
ratio of C-1/C 
lactate, 


tive study of and 6 glucose 


metabolism in tissues results 


are expressed as 


corporation into acids, and 


CO. 


fatty 
The C-1/C-6 ratio of in orporation in 
to lactate or fatty acids gives the fraction of 
glucose metabolized via the glycolytic path 
way of Embden-Meyerhof and the differ 
ence from 1.0 gives the fraction of glucose 
metabolized by the shunt mechanism. Thus, 
in liver 86 percent of glucose is metabolized 
Embden-Meyerhof pathway and 14 


percent by the shunt mechanism 


by the 
Che cor 
neal epithelium has one of the highest shunt 
activities with 35 percent of the glucose 
metabolism being carried out by this mech- 
anism. Only in the lactating mammary gland 


of the rat has a higher shunt activity been 


rABLE 3 


AND 6-( 


* METABOLISM 


IN VARIOUS TISSUES 


Ratio of C,/C,g i 


Lactate or 


Acids 


Fatty 


Diaphragm 
Kidney 


Retina (catth 
Heart (rat 
Liver (rat 


Liver 
Hepatoma 
Hepatoma mouse 
Hepatoma (rat 
Spleen (rat 
Thymus (rat 
\denocarcinoma I 
Corneal Epitheliun 
Cornea (cattle 
Lactating Mammary 
Lens 


mouse 


mouse 


Gland (rat 0.42 
rabbit 86 


* Most of the data preset! ted he 


re were obtained from the article by 


Reference 


Bloom and Stetten 
Bloom and Stetten'* 
Wenner and Weinhouse™ 
Futterman and Kinoshita" 
Wenner and Weinhouse' 
Bloom and Stetten 
Katz, et 
Ashmore a 
\granoff, et ; 
\granoff, et 
Wenner and Weinhouse 
Wenner and Weinhouse 
Kit® 
Kit® 
Wenner and Wei 
Kinoshita, et 
10 Kinoshita 
18 \braham! 
44 Kinoshita and Wachtl*! 


thouse 


Ashmore, Karnovsky, and Hastings.** 


issue | 
CO 

AO 
&O 
1.00 
0.82 
0.79 
ttle 0.65 
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ssues which rely 


Vabk 


primarily on the 


I ved 


cycle for the 


pro 
duction of CO 1 glucose like the dia 


kidney, ind 


ratio of C-1/C-6 ). 


phragm, retina In 


these tissues the 


is near unity. In contrast to these tissues, 


the lens appears to occupy an unusual posi 
tion with an extremely high ratio of 44. The 
is apparently a result of 
A cvck 
lens does not exhibit an unusually high shunt 
as indicated by the ratio of C-1/C-6 


gland 


high ratio in CO 


the sluygishness of the T¢ since the 


activity 


in lactate The lactating mammary 


and the corneal epithelium both show a high 


selective oxidation of C-1 of glucose with a 


relatively high activity o shunt mecha 


nism. It may be concluded that the out 
standing characteristi patter of metabolisn 
in the corneal epithelium is that a rela 


tively large fraction of glucose is metab 
olized by the shunt mechanis: 

In regard to the pentose phosphate cycle, 
we explored the possibility of other carbon 
than C-1 of 


by this mechanism in the corneal epithelium 


gl being oxidized 
PILUCOSE emg 


atoms 
) approach this problem the rates 
and 6-( 


determined 


at which 


2-C** 


oxidize d to 


glucose ire 
were Che I itionak be 
catabolism 


\ cycle then 


hind this approach 1S that if the 


of glucose proceeds via the r 
the C™O 
should be 


of 


ratio of the ¢ of glucose 


with the C'™O, ratio of 


This 


glycolysis the C-2 of 


identical 
pyruvat appears 


reasonable since in 


rABLI 


GLUCOSE TO 


OXIDATION oF C 


&% of Added C™ Rex 
Experiment No 


25 

2.41 

6 2.40 
\verage +1 


Ihe results are expressed as the percentage of added C™ glucose reco 


neal epithelium per three hr. of j bation 


855 cpm/uM of glucose 6-C™, 


AND THOMAS 


over 


Phe specific activiti sed wi 


MASURAT 


glucose becomes the irbony] carbon ot 


pyruvate and C-6 of glucose the methyl car 


bon \ 


from the 2-C'™* and 6-C™ glucos« 


higher ratio in the CO. det 
than 
obtained for would that 


suggest 


pyruvate 
the C-2 of glucose is oxidized by a mecha 
nism other than the TCA cycle 


The results which are summarized in 


Table 4 indicated that the rate of oxidation 


lf 


of C-2 of glucose was much more rapid than 


could be accounted for CA evel 


The CO, ratio of C-2/C-6 of glucoss 
f 4.28 which was much highet 
the CH 


(table 1) 


that th 


In the corneal epitheliun 


appeat pentose phosphate 


suthciently active to permit the 


the C-2 of glucose via the alternative path 


way. For this to occur, there is first the pref 


erential oxidation of C-1 of glucose to yield 
CO Then two mok 


and pentose 


| phosphate 


cules of pentose phosphate interact to undet 
go a series of reactions leading to the syn 
thesis of a new hexose phosphat molecule 


The ( 2 f the glucose moiety be 


original 
l of the newly formed hexose 


Che 


shunt n 


olecule dehydrogenation 


phosph ate 


1 


reactions of the echanism which fol 


low then convert this carbon 


possible to ate how much 


ipproxin 


( 2 ot glucose 1s oxidized via the two 


ble pathways Che amount of C-2 


citric ac id cvclk Ca 


oxidized via the 


mated by taking the amount of ( 


“Oe BY CORNEAL EPITHELIUM 


ed as I rom 


Glucose 6-( 


0.59 
0 
0 
0 
0 
0 
0 


ered is CO» per 500 1 ot wet cor- 


re 835 cpm/uM of glucose 2-C™ and 


50 
77” 
in 
than 
1.57 
CC). It is 
elucose 
be esti 
| 
Ratio ( ( 
Glucose 2-C™ 
» 49 19? 
? 66 3.92 
3 j 16 
06 
4.64 
$.45 
4.28 


GLUCOSE MET 
and multiplying by 


the ratio estab 
lished by the pyruvate ex] 


periments Phe 
estimation reveals tl he 
if the | xidized 1 the 

A cycle and the remainder of C“O, pro 


presumat 


percent ot ti 


duced is shunt 
mechanisn 
2.41 the 


? 
oxidized occurs via the shunt mechanism, It 
is assumed that all 

the cy ne approxin 
i1SO depends that 


percent 
percent ( 


of glucose 1s 
oxidized by 


tion umption 
the specif 


the two 


isolated 


not 


e findings 


(le 


Chese stu 


I al ‘ 
thelium possesses a rather u 


pattern ot 
er 


1s to depend 


echanism t 


doubtedly 


ited 


umul 
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metal 


undertaken 


vel 
hexose monophosphate shunt 
pears to play 
tn tissue 
Suggest 
itoms 


pathway 
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relatively small amount of pyruvate oxidized 
yy this tissue. If the shunt plays such a 
prominent role in the glucose metabolism one 
wonders if 


anv biological energy 


| vic nce 


1S derived 


from studies in oth 
er tissues seems to suggest that the TPNH 
formed in the shunt proce 
in energy 


~ 


in this process 


s is not involved 
production but rather 


as the elec 


tron donor for synthetic reactions. It would 


seem that in the corneal epithelium, where 
a relatively large fraction of glucose is 
etabolized Via the 


would | 


shunt mechanism, such 
scheme disadvantageous if it 
vere not geared to energy producing mecha 
rhaps ilternate 


coupling of the 


vith lac tic 


mechanisms 


like 
shunt dehydrogenases 


ac d dehydrog« nas 


may serve 
gical energy for this tissue 


MMARY 


\ study robic phase of glucose 


ine corneal epithelium was 


the 


three irbon 


relative OX1 
ition of atoms of pyruvate 
would that the tricarboxylic acid 


is functioning in this ocular tissue. The 


ippeat 


pathway ap 
1 more prominent role in this 


others. The 


the majority 


than in results 


the 


seem to 
that of carbon 
of glucose are 


oxidized via the shunt 


45: 139-148, 195 
126 : 396-403, 
_ornea Ar 


> 

te far: d fro th, ? nd veled 
the C?* incorporate | | | it appears that to derive hbiolo 
the specine ctivil tate tro. 

oner tnal na 
wet vield significant ntities of 

eciaDly alte 

the approx itor t 

glucose metabolism in that it se 

1 
more hea y on the 1 
the other tissues CA 
1 role as « ne by the large 
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Resear 


1 


LENS 


PR¢ 


\ 


the 


have been subjected to analysis by physical 


In the past few years lens proteins 


chemical means.' Of these studies, only 


two'? have furnished detailed information 
ibout the size and shape of alpha crystallin 
s 840,000 according 


I hese values 


weight 1 


Orekhovich 


molecular 
the studies 
930,000 according to 


Its 


to of et and 


Resnik.*:* 
were calculated from the sedimentation and 
diffusion Both 


found that alpha crystallin does not display 


coefficients laboratories 


any appreciable concentration dependence in 


its rate of sedimentation. In an earlier re 


it was thought that this behavior 


be 


port ap 


peared to anomalous. Recent studies of 
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SI 
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ITEINS 


far 


alpha crystallin, some of which 


sented at this time, have reve 


sedimentation behavior is not cé 


the 


mtrary 
sedi 


iddition, the 


theories of ré lationship between 


mentation and concentration In 


hydrodynamic properties of alpha crystallin 
iffected 


SIZ¢ na 


have been noted to be appreciably 
Che 


discussed 


by pH and ionic strength 


shape of alpha crystallin 1 


light of this information 


METHODS AND MATERIAI 


Whole calf lenses were homogenized and 


fractionated by the procedure previ 


ce ribed ‘T he 
method 


then 


ously ionium sulfat 


amn 


fractionation of Orekho 


similar results and was used only 


It should 
th 


early parts of this study 


that alpha crystallin isolated by bo 


may contam an admixture 


tallin.’ 


Protein solutions were prepared at 
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Il. Tue errect oF PH ON ALPHA CRYSTALLIN 
R. A. Resnik, Px.D., I B. Kenton, B.A 
Bethesda, MIEyland 
will be pr 
tcl 
= 
In 
tior ‘ ethods 
m 
Various 


LENS PROTEINS 


pH values either by adding 0.1 M H¢ l or 03 T T 
0.1 M NaOH, or by using appropriate Nec! 0.00M 
buffers. The protein concentrations of these NoCi 0.01 M 
solutions were measured either by drying NaCl 0.04 
them to constant weight at 105° to 110°C. 
or by their optical density at 280 mg. 

The viscosity of aqueous solutions of 
ilpha crystallin was measured at 30 
0.01°C., using Ostwald-Fenske viscometers 
with flow times of about 240 seconds. Values 


of the reduced specific viscosity were extrap 


olated to infinite dilution to obtain — the : =e 
5 


intrinsic viscosity at each pH 


Ultracentrifuge experiments were pet 
formed at room temperature in a Spinco oo 
. . and Kenton) The effect of pH 
Model FE ultracentrifuge at a speed ol ne n the intrinsic viscosity of alpha crys 


59,780 rpm. Sedimentation coefficients were 
corrected to 20 4 | lectrophoresis exper! 


ments were carried out using a Spinco Model 
intrinsic viscosity reaches a maximum value 


between pH 3.0 and 3.5 while below pH 


temperatur f 0.9° + 0.01°C, A Beckman . 
oe wide ee 3.0 it decreases but does not return to a 


H electrophoresis apparatus at a_ bath 


Model ¢ )H meter was used to measure the c 
A. value as low as at pH 4.5. An increase in 


1H of solutions. The apparent specific vol , 
PI pvaceliint viscosity at low ionic strength (fig. 1) might 


ume was determnied pyconometrically at . . 
be due to a swelling of the molecule ;° how 
20°¢ 
ever, in this instance, the slopes of the plots 


of reduced specific viscosity (hg. 2) are 


VISCOSIMETRY either zero or positive. Therefore, it seems 

Figure 1 illustrates the pH dependence unlikely that an electrostatically induced 
of the intrinsic viscosity of alpha crystallin swelling could account for the increase 1 
Its hydrodynamic properties are altered be viscosity. No change was detected 


low pH 4.5. At an ionic strength «0.01 the apparent specific volume. A value 


0.30 


0.25 


0.20 


0.15 


0.5 1.0 1.5 
CONCENTRATION (9/100 mi) 


53 
6 7 8 
of 0.73 
-_ 
3.75) (1.5) 
Fig. 2 (Resnik and Kent Sse fo = 4.0) 
Plots of the reduced specific vis) - 
ot various off 2 
exten < 
(4.5 
0.05 
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ml./g. was obtained in the absence of salts 


at pH 3.0, in 0.1 M glycine at pH 3.0, and 
in 0.1 M phosphate at pH 70 

The positive slopes at low ionic strength 
(fig. 2) are probably manifestations of the 
electroviscous effect, which should be re 
duced or eliminated at higher ionic strength 
The intrinsic viscosity decreased at pH 3.0 
in the presence of highet salt concentrations 
(fig. 1). It was not possible to obtain any 
information in 0.1 M sodium chloride be 
cause the viscosity of these solutions in 
creased with time at 20°C. and at 30°C 
This time dependent increase in viscosity in 
0.1 M salts appears to be a cor 


and will be studied separately 


SEDIMENTATION 


In addition to the incr 
acid pH and low ioni 
mentation coefficient dect 
(table 1). The moleculk 
ponents as evidenced 
two boundaries in 0.1 M glycine 
3.4 (fig. 3). In this same pH range, in eithet 
0.1 M sodium chloride or 0.5 M glycine, only 
one boundary is seen. No cleavage is ob 
served at pH 4.2 to 4.4 as the concentration 
is lowered. To obviate the possibility that an 
admixture of beta crystallin might influence 
the sedimentation pattern, the following ex 
periment was conducted. A homogenate of 
whole lenses was subjecte electrophoresis 
at pH 8.3, in veronal buffer, until the alpha 
crystallin component was con pletely re 
solved. A sampl of electrophoretically pure 
alpha crystallin was removed from the as 


cending boundary and dialyzed versus pH 


TABLE 1 


lHe EFFECT OF PH AND SOLVENT ON THE RATE OF 
SEDIMENTATION OF ALPHA CRYSTALLIN 


pH Solver Seo X10 


0 
0) 


Che ultrace 


1 ‘ 
TeVCaict WoO 


ore 


pattern ¢ 


sedimenting 


rf 


} 
DO 


lo rule out the possibility that 


fracti 


results, the p 


ons 


H 


percent alcohol insoluble material 


rated fron 
fractions in 


identical results 


appears that the 


to electrostati 


Solu 


| rom the St 


splitting opserved 


t 


tors which 


tions 
pH 


expel 


preval 


the ionic strength is not high enough 


Sedimentation 


0.2 M, pH 7.0, phosphat 


} 


i 


ta I alph 


i crvst 


buftet 


in Table 2. By extrapolating these 


infinite dilution 


SEDIMENTATION 
0.2 M, eH 


DATA OF 
7.0 


ilue of 18 


rABLE 2 


PHOSPHATI 


BUFFER 


when 


ALPHA CRYSTALLIN IN 


KENTON 
fe 
tgs 
Fig. 3 (Ri Kent S ent 
oH 3.1. after 99 minutes at 59,780 1 
3.0 in 0.1 M gelycine buffer for 15 urs 
trifus: this solution 
the 
ind 12-percent alcohol =—_ ght a 
count for these AZM 5.0 and 12 
each other. Hl of thes 
0.1 glycine 3.0 gave 
are listed 
Concentrati« Son X10 
1.53 16.4 
| 0.1 M Nat 17-18 1.22 17.3 
6 0.2? MWA 1.01 17.5 
t.4 0.16 MA 1.5 0.79 17.5 
3.4 0.1 M gl 1.4.6 0.59 17 
3.1 0.1 M Nat 16.5 0.39 17.8 
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rABLE 3 


lHE SIZE AND SHAPE OF ALPHA CRYSTALLIN 


Prolate 


Hydration 


ilated from the diff efficient of 1.78 10-7 (2 
ntrinsic vise ty of 0.076 obtained in 0.1 M phosphate, pH 


tained for the i! ition coefficient. Ac SIZE AND SHAP! 
cording to sedi ion theory® ky in the The axial ratios and molecular dimen 
equation. (1-4 |, sions of alpha crystallin calculated from the 
where @ is the volu raction of viscosity data and the diffusion coefficient 
menting particles, k, should be about 4.0 for are summarized in Table 3. These data 
sedimenting spheres om the plot of 1/5 illustrate the effect of hydration on the 
oncentration using the data in Table asymmetry of alpha crystallin. Information 
is 3.0 Im isymmetric molecules obtained from the diffusion data does not 
include the influence of hydration. Since pro 
teins exist in the solvated state, a more 
realistic interpretation is one in which this 
factor is considered. From the intrinsic vis 
cosity assuming varying degrees of hydra 
solutions of tion, it is apparent that solvation alone may 
aS a account for a large part of the asymmetry 
single boundary H 3 in indicated bv the diftusion data 
buffer, the patterns are not enantiomorphi 
Che ascend go | \ ry s hypersharp com Disct SSION 
lescending bound Investigations of the effect of environ 


anomalie re not uncommon in ment on proteins have revealed that undet 


moving boundary elect resis When the the proper conditions at acid pH changes 


in concentratior too ng r tl will occur in one or more of the physical 


h ji ( low mo! properties. Recent studies of ovalbumin and 


tr 


rengt 


electrophoretic stud pro Is Indicate serum albumin. for ample, demonstrate 
that some buffers, particularly those contain the different effects of salts and pH which 
amino acids, can produce artefacts at low may be observed on viscosity,® volume,’ and 
When the toni rengtl | solutions optical rotation®:* of these proteins in solu 
alpha crystallin 3 glyci tion. Below the isoelectric point volume 
increased t by t dition of changes have been observed which may o1 

sodium chloride, the boundari ire more may not be accompanied by changes 1n other 


enantiomorphi het > v1 ( physical properties. The ramifications of this 
ore than one component I with regard to protein structure are dis 
consistent with th obtained in the ultra cussed by Kauzmann.® The total volume 
centrifuge in that 1 plitting i I ved change is influenced by reduction of electro- 
striction, due to neutralization of the car- 

boxvlate 1on and by the compactness of 


the molecule In the absence of complicating 


55 
Oblate 
la (A 2b (A 2a (A 2b (A 
1.78 778 52 17 346 
202 g 166 67 6 264 
30%, 7.4 42? 70 206 
Cal 
\ 7, was used 
ary. Such 
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factors, neutralization of the carboxylate These observations are of further signifi 
should result in a net volume increase. Inthis cance for the following reason, It is not 


work no increase was detected at pH 3.0, the 
region where the viscosity change was max! 


more 


mum refined technique it 


Using a 
should be possible to determine the pH at 
which such volume changes as would be ex 
pected might occur 

The observed salt and pH effects on vis 
involve, or reflect, the degre of 


cosity may 


aggregation of alpha crystallin. This is re 
vealed in the sedimentation studies, Further 
information which may be used to substanti 
ate this interpretation comes from prelimi 
microscope observations of 


Chere marked 


n the appearance of samples of 


nary electron 


the alpha crystallin are 
differences 1 
this protein obtained by preparative electro 
phoresis or by chemical means. Elongated 
and smaller spheroid structures have been 
observed in these preparations, respectively 


rhe possibility that separate units may com 


possible to decide whether a molecule ts best 


represented by an equivalent prolate or 
oblate ellipsoid of revolution from viscosity 
Phe electron microscope data 


be 


sented as a prolate ellipsoid of revolution 


data alone 


suggest that alpha crystallin may repre 


SUMMARY 


In this investigation it has been shown that 


alpha crystallin undergo various 


may 
changes under certain conditions of pH and 


ionic strength. The molecule dissociates into 


two units at pH 3.0 at low ionic strength 
Solutions of alpha crystallin exhibit an in 
crease in viscosity below pH 4.5. The sed 
mentation behavior of alpha crystallin at 


pH 7.0 is in general accord with some of the 
concepts of the relationship between concen 


tration and the rate of sedimentation 


bine to a filamentous element is suggested Vational Institutes of Health (14) 
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INTRODUCTION 
Disciform keratitis is a term introduced 
by Fuchs,’ in 1901, to describe a central 
opacification of the cornea that was most 
often seen in late complications of herpes 


condition in human 


Phe 
that 


simplex keratitis 


subjects is is characterized by a 


one 
central opacity that extends deeply into the 
corneal parenchyma along with an associated 
thickening of the cornea, The peripheral tis 
sue usually remains clear and undisturbed 
Externally the opacity assumes a discoid ap 
pearance, hence the name disciform keratitis 
is a concentric structure to 


Often there 


the discoid opacity. In the human the inflam 
mation is nonsuppurative and runs through a 
benign chronic course. In more recent years, 
however, a more severe form has become evi 
forma 


dent in which stromal necrosis, scat 


tion, and uveal inflammation are factors 


which may further complicate the classical 
lesion. More detailed descriptions of the dis 
ease may be found in textbooks by Duke 


Elder,? and Thomas,* and in recent publica 


tions.* 
The purpose of this paper 1s to de scribe 
the type of lesion that occurs in the rabbit 


eye and which seems to be the experimental 
Opacifica 
ap 
parently is an infrequent sequela of herpetic 


Out of 290 rabbit 


counterpart of the human disease 


tion of the corneal stroma in the rabbit 


ulcers of the epithelium 


eyes infected with herpes simplex virus a 


OCCURRENCE OF HERPETIC DISCIFORM 
IN 


RABBITS* 


Px.D. 
Arturo 


Pennsylvania 


Padron ) 


keratitis were seen. These included an ir 


regularly shaped lesion as well as the discoid 
all 


Nevertheless, they all had features in com 


type and were not centrally located. 
mon which suggested that a single disease 
entity was being observed. Thus the term 
“disciform” was retained in this study even 
though strict observance of its descriptive 
meaning was not maintained. The work also 
includes a number of other opaque eyes that 
suffered from secondary bacterial infections 
during the course of herpetic keratitis. 
These, along with the abovementioned, were 
tested for living virus and the data obtained 
corroborates with similar poor isolation re 
sults from human corneas, Quantitative data 
on the infectious dose of virus in rabbits sug 
gested that this low incidence of isolation was 
due in part to a low level of virus in the 
inoculum prepared from disciform corneas 

A variety of etiologic agents are known to 
cause disciform keratitis in humans. These 
include viruses, bacteria, and noninfectious 


insults, examples of which are: herpes sim 


plex, vaccinia, herpes zoster, varicella, 
mumps, syphilis, and hydrogen gas 
Trauma is a factor that has also been re 


ported but more likely it mere ly offers a 


portal of entry for an infectious agent, which 


has, in many cases, remained undetected. 
The random occurrence of disciform 
keratitis in both humans and animals sug 


a secondary in 


at 


gests that in those instances, 


fluence(s) comes into som 


prominence 


total of 24 opacities simulating disciform 
stage of the herpetic infection and thereby 
*From the Resear Department of the Wills stimulates an alteration in the normal patho 
ys Mas Supported logic pattern. The mechanism by which this 
part by Research Grants 2B-5076(C) and B-1516 : 
from the National Institute of Neurological Dis alteration comes about is little understood at 
eases and Blindness, National Institutes of Healt! present and is considered in some detail in 
ul ilth Set Bethesda, Marvland. P 
‘New Vork the comment section of this paper, One sug 
November, 1958 gestion proposed by Braley* is that a hyper 
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sensitivity of the cornea to herpes virus de 
velops in the susceptible individual and that 


the virus combines with local and circulat 


ing antibodies to produce a hypersensitive 


reaction. If such is the case then it ts 


to be supposed that the virus or a viral 
antigen must, at some stage of the develop 
ment of disciform keratitis, penetrate into 
the stromal tissues and there participate in 


the hypersensitive reaction. The only evi 


dence offered is the seeming efficacy of 


steroid treatment, in some if admin 


Cases, 
the onset of 
for 


istered at a critical moment of 


the corneal opacity. Substantial evidenc: 
this hypothesis is still lacking 
Different 


tempts to demonstrate the presence of virus 


workers have made many at 
in the stromal tissue of human cases of disci 
form keratitis. Tissue obtained for this work 
has included corneal scrapings and sections 
from keratoplasty operations. Hanna, et al., 
trom two out 


keratitis 


recovered herpes simplex virus 


of 32 cases of human disciform 
using the chorioallantoic membrane and Hela 
cell culture methods of isolation. Braley* iso 
lated the virus on three occasions from ker 
atitis metaherpetica, a chronic herpes infec 
tion, using mouse brain passage followed by 
tissue culture inoculation. Braley believes 
that sufficient local antibody is obtained with 
the corneal scrapings which neutralizes free 
virus that might be present and that succes 


necessary to increase the 


sive passages are 
virus concentration. Hogan® reported two 


unsuccessful attempts to demonstrate virus 
in corneas obtained during 


Hela ce Ils and 


membranes of chick embryos. Other isola- 


ke ratoplasty by 


cultivation on chorioallantoic 


tions have been reported by 


Bencini® and 
Gundersen.® 


Che 


in laboratory animals has not been much re 


demonstration of disciform keratitis 


ported in the literature in the past. Gruter® 
was, perhaps, the first one to discuss the con 
dition in rabbits and reported a total of six 
such lesions which he noted over a period of 
Five of the keratitis 


16 years disciform 


lesions resulted from a total of 15 herpetic 
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dendritic ulcers while a single inoculation of 
a rabbit cornea with vaccinia virus also re 
Che pathol 


ogy of this series Was not at S¢ ribed In detail 


sulted in a disciform-type lesion 


Schirmer’® also makes mention of a stromal 


involvement in the guinea pig cornea after 
inoculating the surface with vaccinia virus 


The 


especially Its 


study of herpes simplex virus and 


effect on ocular tissues has 
from many 


War II 


from the in 


attention 
World 


resulted 


attracted increasing 
the end of 
work 


severity of 


workers 
Much of 


creasing 


since 
this 
the disease during this 
pe riod ; complications developed that of 
produced stromal necrosis and more severe 


involvement in iridocyclitis and secondary 


glaucoma. Experimental study in 1951 by 


Leopold, et al..%' Hallett. et and 
Ormsby, et al.,’* and later by Thygeson™ and 


Kimura’ and associates, demonstrated that 


the therapeutic application of corticosteroids 
had 


herpes x ke ratitis ; 


deleterious effect on the course of 
this evidence plus 
accumulating clinical experience led eventu 
ally to the impression that the altered pattern 
from the earlier benign form of the disease 
to the more severe type was associated with 
the availability and widespread use of corti 
costeroids in the postwar period.” 


More 


mechanism of 


basic knowledge concerning — the 


formation of disciform kera 


titis will make possible more effective 


rational approaches to the therapy of 


disease. It is to be hoped that means will 


eventually be found to produce a herpetic 


will in suitable 


disciform keratitis at som 
animal 
MATERIALS AND METHODS 
Young albino and _ pigmented rabbits 
i 
weighing approximately 1.5 to 2.5 kg. wert 


used. Their eyes were anesthetized by topi 


cal application of tetracaine (pontocaine, 
one percent) and the corneal epithelium was 
then mechanically abraded over a_ central 


area that was approximately 5.0 to 6.0 mm 
in diameter. Care was taken not to damage 


the underlying stromal tissue during this 


SCC 
ima 


procedure, Inoculation with active herpes 
simplex virus was carried out by either of 
which of 


One 


two procedures depending upon 


several strains of virus was used. strain 


the HF 


passage on the chorioallantox 


of virus, strain,* was maintained by 


membranes of 


embryonated hens’ eggs. These membranes 


were stored at —20°C. in 50-percent glycer 


ine and used as needed. Only those mem 


branes which had been inoculated with a 
standard, “undiluted” or “10 virus sus 
pension, and had developed confluent pock 


lesions, were utilized for stock passage or 


corneal inoculation. Such membranes were 


ground in a mortar with an alundum abra 


sive, resuspended in bufter-gelatin solution 
1.0 ml 


centrifuged at 


chorioallantoic membrane), 


1.500 


per 
rpm to sediment abra 
sive and cellular debris, and the virus laden 
supernatant fluid used as “undiluted” inocu 
lum. For rabbit passage 0.01 ml. of this fluid 
ibraded cornea and con 


10° to 5 10° 


was placed on the 


tained pock 


approxin ately 


when titi ited out on eggs 


forming units 
Inoculation of eggs was carried out by re 
moving the shell over 


old eggs, peeling oft the 


the air sac of 13-day 


shell membrane? 


with an iris forceps thereby exposing the 


chorioallantoic membranes which could then 
be treated with 0.1 ml. of virus containing 
fluid. Harvesting of the chorioallantoic mem 
brane took place after two days’ incubation 


at 35 to 36° at which time the visible 
portion of the chorioallantoic membrane was 
snipped out and either used immediately or 
* The HF strain is egg pted virus that has 
ug ore t 380 se 1 transfers. It was 


upplied to us by Dr. T. F. McNair Scott of 
buffer-gelatin solutiot prepared accordu 

hod of McNair Scott™ was supplemen¢ 
0.06 M lysine, an inhibitor of 


"1.1 
aikaiine pnos 


phatase which imactivates herpes simplex virus 
Amos”) 

The ret val o embrane can be 
icilitated by placing on it lrop of 50 percent 
glycerine with a sterile pplicator just pri 
to its ret val. Treatment I three to loug eggs ata 
me i his nanner;r e process by per 
itting a clean re l e membrane while it is 
oose and wet 
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stored as has already been ce scribed 
\ second 


isolated in this laboratory from a patient with 


virus (the Petito strain®) was 


a dendritic ulcer by passage of corneal 
epithelium scrapings directly to the abraded 
corneas of a rabbit. Scrapings were placed in 
0.5 ml. of chilled brain heart infusion broth 
and corneal inoculation was made within 90 


minutes. Stock passage of this strain was 
from rabbit to rabbit simply by transfer of 
epithelial scrapings to the abraded corneas of 
acceptor animals. Scrapings were best taken 
from the second to sixth day after imocula- 
tion; material taken later than this usually 
contained insufficient amounts of active 
virus. Stock material could be preserved by 
storage of whole corneas in 50-percent gly 
20°C virus maintained in 


cerine at and 


this condition for as long as 140 days was 
found to be viable for the rabbit eye. 


Two other virus strains were isolated from 


humans; one with a dendritic keratitis 
(Bulkley strain) and one with herpes 
labialis (Notaro strain). The former was 
passed in the same manner as the Petito 


strain but could only be maintained after a 
The Notaro strain of 
virus was isolated from vesicle fluid and first 
rabbit 


few rabbit 


passages 


grown on eggs befor: transfer was 


started 
RESULTS 


\s mentioned earlier, the disciform kera 
titis lesion produced in rabbits in this work 


was a random occurrence, that is, all animals 


were inoculated with topical application of 


virus to the scarified corneal epithelium and 


the ensuing infection allowed to run its 


course without any experimental interfer 


ence. The average infection varied in in 


tensity from a mild branching dendritic ulcer 


to one that caused large de-epithelized 


patches with conjunctivitis and sometimes 
formation 


pannus The majority of these 


were self limited infections and healed with 


§ Material for this strain was kindly supplied by 
Dr. Richard Lubowitz of Graduate Hospital, Phila 
delphi: 
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rABLE 1 
OCCURRENCE OF DISCIFORMLIKE KERATITIS IN RARBITS RECOVERING FROM PRIMARY 
DENDRITIC ULCERS 
Characteristics of “‘Disciform"’ Corneas Trimet of Occurrence 
Rabbit Vir 
Kye Strair Stromal Thick- \nes Vascular-| Of Vascu- Of Ot 
Opacity ening thesia ization | larization Opacity Exudate 
days days days 
862 O.S HF + + 10 12 N 
894 OS HF 0 } + 6-12 14 N 
O.D HF + 6 7 N 
971 OS HI + + 6 7 N 
988 O.S HF + 8 8 N 
309 O.S HF + + + <7 >10 N 
900 O.D.* Petito + + + 9-11 +] 3-8 
901 O.D.* Petito + + 9-11 9 3-8 
922 O.D Petito + 10 id 2-7 
939 OS Petito + 13 13 2-12 
942 O.S Petito + + 11 7-11 N 
948 O'S Petito 0 } <10 <10 3-5 
957 OS Petito 0 } <10 <10 2 
982 O.D. Petito 4 4 4 <9 10 6-9 
982 O.S Petito + + 10 10 6-9 
999 OLD Petito + + + 7 8-10 N 
475 0.D Petito } 10 N 
4750S Petito + 10 N 
1964 O.D.* Bulkley 4 } 0 12-14 3-8 
1964 O.S.* Bulkley + + 0 12-14 4-8 
210 O0.D.* Notaro + + t <12 13-31 N 
210 O.S.* Notaro + + <3i 13-31 N 
217 O.D Notaro 8-10 11 N 
2170S Notaro 8-10 11 N 
+) Positive. (0) Negative Data not available. (N) No exudative reaction seen 
* Rabbit cornea inoculated directly with infective corneal or epithelial scrapings from patients 
t Time of occurrence in days after the inoculatior 
in one to two weeks with clear corneas. Of extended to some depth in the stroma and is 
290 such infections only 24 advanced to a a requisite for disciform keratitis. Corneal 


disciform keratitis ; this incidence (approxi 


mately 8.2 percent) can be compared with a 


similar low incidence of this disease in hu 
man case. In Table 1 are listed the major 
characteristics seen in this disease in the 


rabbit. These data suggest that there are at 
least four features that can be expected to 
occur in the rabbit in almost every case of 
be that 


these characteristics are listed on an absolute 


disciform keratitis. It must noted 


plus or minus basis and that no attempt is 
made to compare the data quantitatively. The 
last three columns provide available data as 
to the time when vascularization, opacifica 
tion, and exudates appeared after the initial 
virus inoculation 


Phe finding of a stroma (as de 


opac ity 
termined by slitlamp examination) was posi 


tive in instance. The opacity always 


every 


thickening was observed 22 out of 24 times 
and varied in thickness from 50 to 400 per 
cent of the normal cornea depending on the 
severity of the disease 

Anesthesia was demonstrated in at least 19 
of the corneas and was definitely lacking in 
Phe 


were not tested for this property 


four remaining corneas 
Anesthesia 


only one case. 


was confined usually to the opacified position 
but in several instances it was 


Che 


clear portion of the cornea usually remained 


of the 
prevalent throughout the whole cornea 


cornea, 


sensitive or with only partially diminished 


sensitivity 


was demonstrated 20 


to be 


Vascularization 


times and seems an almost constant 


finding «n the rabbit cases. This is in con 
trast to human disciform keratitis in which 


vascularization is more infreque nt and shows 
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( Rabbits 


1torm 


1, 2, and 3 


Examples of dis« 


) 
respectively. ) 
examples are typical of the 
the generally disc-shaped forn 


surround by a clear zone 


infection. The 
rabbit 


upa month or more after the 


early appearance of capillaries in 


corneas generally occurred from six to 10 
days after inoculation with exceptional cases 
showing up at extremes of four and 13 days. 

Che period of onset of corneal opacities 
was estimated as clos« ly as possible because 
there was no clear demarcation between the 
time of the disappe arance of epithe lial ulcers 
| a stromal opacity. 


and the appearance of 


However, corneas were usually hazy or 


edematic as long as epithelial defects due 
to dendritic ulcers existed. Some equivoca 
tion in time of onset of corneal blood vessels, 
opacities, and exudates is also apparent in 


the table due to other problems involving 


1964, O.D., 
keratitis in the rabbit due to herpes simplex virus infection 


17th day; 


nore pronounced opacities resulting from herpetic ulcers 


901, O.D., 14th day, 


These 


900, O.D., 14th day; 


Note in these cases 


s, their approximately central location, and the totality of the opaque tissue 


ipparently normal corneal tissue 


interruption in the observation schedule and 
daily borderline changes in these features. 
One feature can be noted in the two columns 
showing the time of occurrence of corneal 
vascularity and opacities. This is a tendency 
for capillary infiltration to either precede or 
coincide with the occurrence of a stromal 
opacity. Corneal opacities would make their 
appearance from seven to 14 days after the 


date. Aside 


(210) for which data were lacking, no case 


inoculation from one animal 


of corneal opacity occurred later than 14 
days 

The formation of a pustular exudate was 
occur commonly in_ the 


found to quite 


dendritic or disciformlike lesions and usually 


Figs. 4. 5, and 6 (Serv). (Rabbits: 948, O.S., 


spectively.) Further examples of 
(948 and 922) 


opacities. Two of these examples 


Same haracteristics ot 


discitorm cases 


llth day; 939, O.S 


thickening and stromal involvement for the affected tissue 


15th day; 922, O.D., 13th day, re 


herpes simplex induced disciform keratitis but with less pronounced 


not disc-shaped but nevertheless demonstrated the 
as did the other 


y's 
~~ 
€ 2 
. 
4 
4 
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Fig. 7 and & (Sery). (Rabbit 922, O.D., 13t 
day: 982, O.D., 13th day, respectively). Figure 7 is 
1 duplicate of that show: Figure 6 but taker 
ifter staimimng the rnea wit ‘ lene blue. | 
this imstance the corneal ep 1 was not ( 
healed and a small remnant of the dendritic ulce 
still remained. Figure 8 1s etter example of a 
late stage dendritic ulcer around wih a discifor: 
(irregular mm shape) ts beginning to develop The 
cornea was stained with methylene blue. Both ot 


these illustrations demonstrate se association 
between the sites of persistent dendritic ulcers and 
the subsequent disciform keratitis lesions that later 


developed in those corneas 


appeared during the first week of infection. 
Whenever seen it was cultured and stained 
for the possible demonstration of secondary 
bacterial infections, but all attempts to isolate 


bacteria proved negative. In several instances 


a small amount of a pustular exudate was 


inoculated onto normal rabbit eyes with no 


resultant bacterial infection, but im one 


instance (939 O.S.) active virus was demon 
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strated in the pus taken during the dendritic 


phase of the lesion Vhe exudate may occut 


in sparse or large amounts, sometimes caus 
g 


ing the lids to become cemented together as 


it dries exteriorly. This exudate is invariably 
found to consist primarily of polymorpho 
nuclear leucocytes but also with variable 


numbers of monoculear leukocytes 


Seven of the disciform cases were ob 
served for extended period of two to six 
months and, of these, five opacities (862, 
894. 900. 901, 309) remained the same o1 
became only partially cleared. The other two 
(948. 957 ) lasted two and nve weeks re 
spectively during which time the corneas 
cleared with only slight scar formation on 


957. All other animals were killed 


at varying 


periods after onset of the disciform lesion 


from a few days to within a month 
ward for purposes of trying to isolate living 


virus trot 
described 


as will be 


il 


total corneal tissue 


| he 


the 


later occurrence of strom: 


opacities in the rabbit cornea invariably re 


Fie. 9 (Sery). (Rabbit 957, O.S., 11th day) 
This is an example of an eye that became diffuse 
opaque, but without losing its transparency) ollow 
ing the disappearance of herpetic dendritic lesions 
of the epithelium. The stromal lesion resolved after 
several days int a central opaci resembiing 
typical disciform keratitis The above picture de 
onstrates roughened surtace epithe cl 
intact. not taking the usual corneal stains, and was 
thought t e suggestive f the meta erpet forn 
of the disease in humans. A heavy vascularization 

n be seen on the superior limbus 
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sulted from the more severe epithelial 
dendritics and not from mild lesions. Only 
one instance of a disciform lesion occurred 
where a concomitant viral count of th 
inoculum was made and this was in the case 
of rabbit 988 (O.S.) which received a dose 
of 30,000 pock-forming units. This eye de 
veloped a dendritic ulcer which destroyed 
most of the corneal epithelium and began to 
visibly affect the stromal tissue on the ninth 
lhe contralateral eye of this 
received one-tenth this dose but failed to be 


Normally the 


HF strain of 


day animal 


come even slightly infected 


size of inoculum given for the 


virus consisted of approximately 10° to 


5 X 10° pock-forming units (the number 


that usually can be demonstrated in 0.01 ml 


of “undiluted” chorioallantoic membrane 


suspensions ). The above rabbit eye therefore 


represents a disciform lesion that was pro 


duced by a lower than average inoculum 
Under slitlamp observation the disciform 


lesion in its early stages was noted to be 


opaque in depth, involving the anterior half, 
or the entire anterior-posterior thickness of 


cornea Was 


the cornea. This portion of the 


Fig. 10 (Sery). (Rabbit 877, O.S., 86th day). 
This is an eve with a simulated disciform keratitis 
presumably the end-result of a herpes simplex det 
dritic ulcer, but influenced so by the occurrence 
of a secondary bacterial infection rhe whole 
cornea became opaque and cleared peripherally very 
era lually, as see! ve, ver i period ot twe 


months 
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(Rabbit 910, O.D., 14th day) 
This is an eye with a condition that appeared to be 
This cornea did not stain 


Fig. 11 (Sery) 
a bacterial corneal ulcer 
fluorescein at this stage. A 
lasted until 


with methylene blue or 
herpetic dendritic keratitis in this eye 
the eighth day but became opaque on the ninth day 
smears 


Bacteria were not isolated or observed by 


at this time but the eye is, nevertheless, believed to 


in which a secondary bacterial infection was 
involved. Herpes simplex virus was isolated from 


the total 14th day by 


be one 
corneal homogenate on the 
to another rabbit 


passage 


thickened, sometimes by as much as four 


times its normal dimension. The opacity ex- 
stromal fibers ap- 


tended throughout the 


pearing as an interlacing network which 


stands out brightly illuminated against a 
background of scattered darkened areas. The 
dark areas were interpreted to be watery 
pockets in interstitial spaces. Corneal tissue 
adjacent to the opacity appeared clear. No 
abrupt increase in corneal thickness was evi 
dent in the opaque area as has been de 
scribed in the human cases of the disease.’ 
but in the rabbit there was a gradual thick 
ening of the cornea from the limbus to the 
opaque area. At a later period the edematous 
character of the opacity tended to subside 
and take on a more granular and less fila 
opacities 


mentous Disciform 


lasted 


appearance. 


which over two months became in 


(itrated with connective tissue; the over-all 
corneal thickness at such a time usually re 
The 


corneal surface usually became irregular and 


mained a litthe greater than normal. 


epithelial facets developed. 
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Under histologic examination the edematic 
condition of the corneal opacity was verified, 
Figures 12 and 13. Apparently this was fol 
lowed at a later stage by cellular infiltrates 
but the time of appearance of these in dif 
ferent animals did not necessarily follow 
identical schedules ; this may be noted in Fig 
had 
edema alone on the 14th day while another 
had both 


the 11th day. The cellular reaction varied. In 


ures 12 and-13 in which one animal 


edema and cellular infiltrates on 


the example of Figure 13 round cells pre 
dominated and polymorphonuclear cells were 
another 


in the minority; in example, not 


shown (Rabbit 900, O.D., 148th day), the 


reverse was true. Figure 14 is an example 


of a cornea in which an eosinophil-like cell 


(Rabbit 942 


disor 


Fig. 13 
O.S., Ith 


ganization due to 


(Sery ) 
day). Lamellar 
edema is present 
in this cornea but not to as great 
in extent as seen in Figure 12. The 
epithelium is thickened irregularly 
by intracellular edema and general 


hypertrophy. The stromal reaction 
anterior half of tl 


cornea and is composed m 


involves the 


round cells (mostly lymphocytes) 


and a few 


A few cells of an equivocal 


polymorphonuclear leu 
kocytes 
type resembling eosinophils are also 
lis 


present. Connective tissue proh 


tion is prominent 


W 


Fig. 12 (Serv). (Rabbit 982 
O.S., 14th day) 


cornea in a case of disci 


\ greatly edematic 
orm ke ratt 
tis. Celluiar infiltration has not yet 
occurred but usually has by this 
intracellular 

basal 


time. Some 
evident in the 


epithelium 


predominated. Further histologic study is 
needed to determine the pathogenesis of this 
disease 
Infiltration of capillaries starts roughly 
from six to 13 days after inoculation, de 
pending probably on the severity and dura 
tion of the dendritic ulcer and ordinarily 
does not occur if the dendritic phase has 
cleared before the seventh o1 eighth day 
recorded two 


Neovascularization was 


instances on the fourth day and in at least 


two on the sixth day ‘ these were most like ly 
due to the severity of the herpetic lesions. 
involve either the 


Neovascularization may 


total periphery or only a variable segment 
of the cornea. In the rabbit corneal vascu 


larization occurs readily and ts in direct con 
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trast to human cases where it usually occurs 
as late as a month or more after the 
dendritic ulcer and quite often does not de- 
velop at all. The corneal vessels seen in rabbit 
disciform lesions were usually deep with a 
terminal loop pattern but occasionally super- 
ficial vessels also developed. Capillary infil- 
tration of the cornea eventually resulted in 
either complete, or almost complete, appar- 
ent disappearance of vessels. 

In a few animals, as for example, 309, 
O.S., the opacity became almost superficial 
and thin three months after the original 
inoculation. In this eye the cornea, under 
slit-lamp observation, had normal thickness 
and was clear except for a superficial stromal 
reflection of light in the pupillary region. 
One month prior to this the cornea was al- 
most three times normal thickness in the cen- 
ter with a rough and irregular surface, and 
edematic and throughout. 


was opaque 


Vascularization was no longer visible in 
either instance and central corneal anesthesia 
was prominent 

Although 


a common 


a severe dendritic keratitis was 


feature preceding a_ corneal 


opacity, the latter was not the ultimate result 
of such infections. On the contrary the gen- 


eral result of even a severe dendritic ulcer 


was an ultimate return of the cornea to its 
normal clarity without the production of a 


disciform opacity. On the other hand an 


opacity most often developed when a 


severely infected cornea also become vas- 


cularized 


EXPERIMENT 2 ATTEMPTS TO ISOLATE 


LIVING VIRUS FROM HEALED CORNEAS 


An attempt was made to demonstrate the 


presence of virulent or “inactive” virus in 


rabbit corneas after the primary dendritic 
keratitis had run through the acute infec 
tion and healed. For this purpose 26 corneas 
with, and 14 without, disciform opacities 
were selected for testing The former group 
included nine corneas, not listed in Table l 
which had suffered from preliminary treat 


ment or bacterial infections dur 


sect mdary 


(Rabbit 111, O.D., 13th day). A 


pyocyaneus 


Fig. 14 (Sery) 
keratitis 
bacillus infection resulted in this histologic picture 


disciform complicated by a 


Extreme connective tissue proliferation and vascu- 
larization dominate the tissue reaction. The cellular 
infiltrate is primarily an eosinophil-like cell. The 
epithelium is hypertrophic and edematic 


ing the dendritic infection ; other corneas ap 
pearing in Table 1 but not in Table 2 were 
ones that had been formalinized for histo- 
logic section. The rabbits were killed at vary- 
ing intervals following the acute infection 
and the corneas either immediately tested or 
preserved in 50-percent glycerine at — 20°C. 
In all of these corneas the epithelium had 
regenerated as determined by the lack of re- 
tention of fluorescein and methylene blue 
stains. Tests for virulent virus were made by 
grinding the cornea (after washing in dis 


tilled 


scribed for the 


water) in the same manner as de 


chorioallantoic membrane 
and by suspending the tissue grindings ob 
tained in 0.5 mil. buffer-gelatin solution. 
After centrifugation at 1,500 rpm for 20 
minutes the undiluted supernatant fluid was 
either inoculated onto normal abraded rabbit 
corneas or onto the chorioallantoic membrane 
of 13-day chick embryos for several pas- 
sages to increase the virus titer and to over 
come the presence of antibe aly formed locally 
in the cornea. In several instances the final 
membrane was 


chorioallantoic passage 


ground and inoculated onto rabbit corneas. 


The results of this experiment are sum 
marized in Table 2. Eight corneas from 
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TABLE 


RABBIT CORNEAS WITH DISCIFORMLIKE KI 


Time from Inocu- 
of Cornea to 
of Death 


latior 


Day 


Group Rabbit Cornea 


days 
862 195 
900 
901 
9?? 
939 
957 


999 


1964 
942 
948 
971 
QR? 
988 

1964 
877 

928 

990 


m Keratitis 


atit 


Corneas with discifor 
? Corneas with disciform ker which had 


w from second: 


is but 


corneal injections of virus or serum, 
Control corneas which had recovered from herpe 

normal and healthy 
* Indirect inoculation 


of corneas trom egg passage 


kither egg passage or corneal passage (or both 

Corneal passage was negative but egg passage w 
\ positive recovery of virus was obtained on eggs 

ly on the first passage 

* Represents the only recovery of virus from a ral 


but with further deme 


Same results as footnote 


both groups of animals with disciform opaci 


ties were tested by direct inoculation into 


single 
This 


cornea 


rabbit eves and of these a positive 


viral 
No 


©.D.) occurred in the group that had had a 


dendritic keratitis occurred iso 


lation from a disciform 910. 


intection 
This 
s in being the only 


concomitant bacterial superim 


posed on the viral on animal also 


differed all 


one that had received preinoculation treat 


I 


from othe 


ment (that is, 15 days earlier it had received 


W. SERY 


RATITIS TESTED FOR PRESENCI LIVING VIRI 


Atte mpts at Virus Isolatio 


Direct Passage 
f Inoculum to 


Rabbit Co 


No. of Serial 
Passages o1 é 
Eggs I 


suffered from other traum 


iry bacterial infectio 
ulcer 


s simplex dendritic 


was negative virus recover 
is doubtful for 


and represe 


overy 


low cou 


ybit cornea by t passage toa 


mstration ot ir is up to the third ¢ 


SO mg. of intramuscular hydrocor 


whether or not this played a 
formation of a disciform keratitis o1 


virus to be no 


fall 
paper ; the data are included b 
of 


ing active present 


does not within the scope 


and 
ause 


sented the only instance direct « 


post 


} 


cornea isolation of virus fron 


ulcer in this series, which, as will 


below, requires a large inoculum 


to produce a detectable infection 


Tisone } 


t im the 


in caus 
t known 

this 
if repre 
ornea to 
lendriti 
shown 


t 


in 


“6 
Res t 
1s 
No. inoculated 
1) OS i8 1 
O.D 17 
OS 11 
OS 139 
O.D 11 4 
O.D. OS. 14 
OS 
OS 17 I 
11? O.S 86 
O.D 17 4 
O.D. O.S ?1 j 
997 ?1 1 j 
1110.8 13 
910 OLD 15 ? ? : 
827 O.D 174 2 ? 
914 0.D. 0.5 41 
915 O.D. OS 23 4 
916 O.D. OS 11 4 
932 O.D. 150 1 j 
945 O.D. OS 31 1 j 
285 OLD. OS 1 
286 O.D. O.S I 
a very nt of from 3-13 PFU and 
|) 
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Other positive isolations occurred by 
cornea to chorioallantoic membrane passage 
but only very low viral counts were evident 
Rabbit corneas fror 982 USS, 1964, O.S., 
71, O.D., and 111 gave an apparently posi 
ive reaction showing typical pock marks 
on chorioallantoic membranes but ranging 
only from three to 13 pocks. These five 
corneas occuricd in Ue two different groups 
of animals with discif opacities. Serial 
passage from chorioallantoic membrane to 
chorioallantoic membrane failed when tried 
except for an additional animal (827) where 
three serial passages of virus on eggs was 
ossibl lwo other rabbits 942 and 948 
rave a doubtfu us re ery on eggs where 

few atypical pock marks developed. Such 

irks will often occur on chorioallantoic 
membranes and it becomes necessary to dis 
tinguish the f ue, herpes-induced 
pocks In these twe nstances the observed 

irks ere e ( N rus recovery 
vas ide from any of the control series 

1 | but one ins of rus demon 
stration in discif neas the interval 
between inoculation and death was compara 
tively small, for example, from eight to 17 
days. One possible explanation is based 
upon the knowledge that local antibody pro 
duction in the cornea is ssible?® and if 
present it iv neutr e virus when the 
virus is liberated by nding the tissue. If 
intracellular virus has survived in vivo it 
conct ly would | lemonstrated eithet 
early in the ise before intibody forma 
tion reached an appreciable level or very lat 
when antibody had decreased in concentra 
tion 

In an atte pt to r e the activity oft 
local antibody in_ the ornea an enzyme 
papain, was « love o selectively destroy 
specific us neut g tibody without 
inactivating living s that ight be pres 
ent in the corneal stromal cells, Papain was 
selected because it was shown by Kalmanson, 
et al., to be more preferabk among the 
common proteinases tor high activity against 

ntibody with low antiphage properties. In 
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this work, controlled tests revealed that con 


centrations above 0.05 percent were lethal 
to the virus when incubated for one hour 
at 37°C. Nevertheless this concentration and 


incubation period did not materially decrease 
the antiviral neutralizing capacity of anti 
herpes simplex rabbit sera and made the sys 
tem inope rable. 

lhe passage or demonstration of virus by 
direct cornea to cornea passage is a method 
that is not as sensitive as the one where eggs 
versus 
the 


are used \ comparison of cornea 


chorioallantoic membrane sensitivity to 


of rabbits 


virus was made in two groups 
totaling 32 eyes. Tenfold dilutions of virus 
from 10° to 10°. prepared from chorio 


allantoic membranes as described earlier, 


corneas 
de- 


epithelization or by the cross hatch method 


inoculate rabbit 


abraded by 


were used to 


Corneas were central 


measured amounts of 0.01 to 
Viral 


from 


and carefully 


0.03 ml. of virus dilutions applied 


concentrations were computed 


counts in egg titrations. Results showed a 


50 pe rceent infectious dose { ID )} to occur 
with 1,000 pock-forming units: an ID, 
with 860 pock-forming units; an ID g; with 


8,600 to 12900 pock-forming units, and an 
ID, 10,000 or 


units. Observations on these eyes lasted up to 


with more pock-forming 


12 days after inoculation and a plus reading 


was made when one or more definite 


dendritic marks occurred on the cornea 


which could | with the unaided eye 


Phe ID, 


forming 


« seen 
which was reached at 10,00 poc k 
mild 


less small, well 


units gave a rathet1 infection 


with only about a dozen o1 


circumscribed dendritics, which cleared after 


Virus 


Methods) usually represented the ID 


1 week dilutions of 10 (see 


third group of tests on 24 eyes 


range. A 
gave comparable results with regard to dilu 
but the counting of pocks gave 


tions used 


poor results due to an unsuitable lot of eggs 
that was used. Occasionally a very low dose 
(about 50 to 500 pock-forming 


but 


of virus 


units) will produce a dendritic ulcer 


these are exceptions and not the rule. 
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( OMMENT 

A basic problem in this study that needs 
clarification is an understanding of — the 
mechanism that leads to opacification of a 
fraction of the infected corneas which other 
wise would heal with normal transparency 
The data of this work do not include many 
of the negative experiments that were tried 
induce a disciform 


ettorts 


in order to opacity at 


will. Various along this line were 


tried such as: the use of intracorneal imyec 


tions of immune serum prior to corneal in 


intracorneal injections of living 


local 


with prednisolone ; 


fections 


virus; treatment of herpetic corneas 
intracorneal injections of 
prednisolone and hydrocortisone before in 
More 


type and along the lines to be discussed be 


fection; and so forth work of this 


low is being furthered in this laboratory and 
will be reported on at a later date. Although 
the disciform type of lesion seemed to occur 


at random in this series, many impressions 


were obtained in the observation of its 


“accidental” occurrence as to what may be 


causing it. Some of the possible factors that 


may be involved are as follows 


1. Corneal hypersensitivity to herpes 
YI | 


simplex virus 


2 Synergistic activity « with 


secondary bacterial infection 
Size of moculum and severity of im 
fection 


+. ‘The 


virus 


mutant 
altered 


formation of a variant or 


capable of producing an 


pathology 


5. Variation in host response from one 


individual to another 


In rabbits, onset of the corneal opacity 


either coincides with, or, quite often, follows 


the onset of vascularization. This vasculari 


zation naturally brings to the cornea an in 


creased supply of plasma proteins and 


vascular cells which may hinder as well as 


help in combatting the infection depending 
upon the immune or hypersensitive state of 


the individual at the time. One might suggest 
that if the host has become hypersensitized 


or allergic to the virus, either indirectly as a 


W. SERY 


result of the corneal infection which extended 
to other parts of the body, or by infection by 
some other route, then it could be supposed 
that further viral insult to the corneal tissue 
could later manifest itself as a deep tissue 
reaction corresponding to a so-called disci 
form keratitis. This idea of a hypersensitive 


mechanism was suggested by Braley,* but 
adequate experimental evidence for its sup 


he 


a hypersensitive mechanism 1s 


port is not as yet available 


offered for 


reason 


based on the beneficial effects that steroid 


therapy seemed to offer if given late in the 


disease when a disciform condition was «de 


veloping. Thus, it was felt to be analogous 


allergies that benefit from sucl 


with other 


therapy. One rational basis for support of 
a hypersensitive mechanism might be postu 
lated as an in vivo passive transfer of an 
acquired generalized hypersensitivity of the 
host to its cornea by means of leukocytic in 
the 


the 


and neovascular 


he 


opacity might then follow any contact with 


filtration from limbal 


vessels entering cornea resulting 


virus occurring at the then present or sub 


sequent infections. 


In recent years much evidence has peen 


accumulated that fixes the agents 


agent or 


responsible for passive transfer of delayed 
types of hypersensitivity to the mononuclear 
le ukocytes of the animal (ref a 


25 


sensitive 
and others). Such studies should turn out 
to be valuable as a new approach to the study 
irious 


of corneal complications of types, 


including that of disciform keratitis, in that 
sensitizing leukox ytes may be isolated from 
systemically treated animals and injected into 
the cornea of fresh animals with the purpose 
of demonstrating the phenomenon of hyper 
sensitivity to the undet 
Phe 


demonstrated the 


particular 
work of 


agent 


study recent lremaine has 


value of this type of ap 


proach by the passive transfer of sensi 


tivity to horse serum to the rabbit cornea 


Comparable studies with herpes simplex 


virus as well as other agents are currently 
under way in this laboratory and, it is hoped, 


may shed more light on the problem of the 


Ag 
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mechanisms involved in disciform keratitis 


he suggestion of a hypersensitivity re 


action in the cornea is by no means the only 
hypothesis that may be offered to account for 
the herpetic induced disciform keratitis. A 


possibility exists that in associated sec 


ondary bacterial infection might work 


synergistically with the virus leading to a 


stromal tissue insult. The presence of strong 


neutrophilic reactions in the eyes of many 


animals of this series of disciformlike lesions 


in the early phases of the disease was very 


suggestive of an associated secondary infec 
tion with bacteria even though the culture 


proved negative. The ab 


tests for bacteria 


sence of positive smear or cultural data on 


ocular infection is by no1 an absolute 


that 


eans 


indication associated bacterial or 


infection en present. If 


mycot 


such an infection does occur during an 


attack of the cornea by herpes virus it could 


account for the neutrophil tissue reaction 


rhe extension of the corneal pathology into 
the stromal tissue does not necessarily speak 
extension but might be an 


terial o1 


of viral 


Dac endotoxin, or 


that is working either second 


to or synergistically with the super 


ficial viral infection, The almost consistent 


lack of active virus in the stroma in human 


or animal cases of disciform keratitis may 


- real or imagined depending upon whether 


virus becomes neutralized by corneal 


tibody upon being released from its intra 


cellular environment. The damage to stromal 


tissue that occurs, therefore, does not neces 


particles for its accom- 


sarily require viral | 


could be 


plishment, but brought about by 
soluble toxins, antigens, or some other type 
of microbial product 

A viral 
for the production of a disciform keratitis 


disci 


] 
uicers 


toxin could conceivably account 


The association of the form lesions seen 


with severe dendritis suggests this 


possibility. The implication is that a severe 
concentration of 


level of 


lesion must contain a high 


virus with a concomitantly high 


toxin. An alternative argument would be 
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that the virus particle itself acts as a toxic 


substance and thus causes stromal tissue 


damage. One argument disfavoring this 


hypothesis is that many severe dendritic ul- 
heal 


taneously with no stromal complications. 


cers are seen in rabbits which spon 


The possibility that a mutant virus might 
be a factor leading to pathologic changes in 
considered in this 


the stromal tissue 


Study of 


was 
work all data, however, did not 
lend favorable support to this idea due to the 
fact that eye to eye passages from disciform 
animal cases did not necessarily produce a 
disciform keratitis. If, however, a mutant 
virus did appear late in the dendritic phase 
of the infection, when virus passage attempts 
fail, it 


would either die out or produce only minor 


usually would not be detected and 
corneal infections, Rabbit 999, O.D., is one 
example that argues against a mutant virus 
Both this 
simultaneously by passing small pieces of 


stock 


(Rabbit 994). There was no quantitation of 


eves of animal were inoculated 


infected epithelium from a culture 
virus inoculum in this instance and therefore 
both eyes cannot be considered to be equally 
treated. Nevertheless, the severity of the 
rorneal reaction to the virus was comparable 
during the first few days. The dendritic ul 
cer of the O.S., however, started to diminish 
after five days and never became vascu 
that of the O.D. started to 


larized while 


diminish after seven days at which time 
capillary infiltration was first noticed on the 
superior limbus. After 10 days the capillaries 


were well extended into the stromal tissue 


two to four mm. from the limbus and were 
in contact with a disciform opacity that was 
virus was in 
affected 


both corneas in the same manner unless the 


now developing. If a mutant 


volved it presumably would have 
disciform pathology of the O.D. was the 


result of a single mutant particle in the 
inoculum. 

Katznelson® reported cases of disciform 
herpetic keratitis due to thiamine insuffi- 
ciency, and Hartmann* had cases of disci 
keratitis as a result of 


form exposure to 


eet of 
be 
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hydrogen sulfide gas. The occurrence of the assumed a 1 granular char 


disease under such circumstances suggests ties were mostly central an 

a possible metabolic disturbance that may be from discoid to irregular types. Stror 
basically involved in the condition as brought lesions were long lasting and often pet 
about by infectious agents. The work of nent when severe, but were otherwise t1 
Katznelson might suggest that a vitamin de ent, leaving a clear and normal ap] 
ficiency in corneal viral infections is_ the cornea after two to eight weeks 


mechanism that triggers the onset of the 3. Very few viral isolates \ obtained 


disciform opacity. Further study into these rom these cor is after the disappearance 
ireas should be made and could \ ’ of the dendriti 


very illuminating of the disciform |] » these 


demonstrations t irus conte 
SuMMAR\ 


rr represented period when the 


1. Spontaneous occurrence of corneal either inactive or had become neutt 
opacities or “disciforn ititis’’ in rabbits corneal antibody during techni 
following herpes simy dendritic ulcers — tion 
have been ce scribed ital of 24 such ¢ ises } Dhe 
out of 290 infected eves v studied of herpes sin 

2. In rabbits the mo mmon character- found to require above 1,000 pocl 
istics included an active romal Hamma- actor ich must be 
tion, with corneal thickening d » 1solate 
neovascularization, anesthesia—usually con ulating rabbit corr 


fined to the opacity, and, quite often, cellu irl possibl 


lar infiltrates of polymorphonuclear and 
mononuclear cells, which in many cases also 
appeared as an exudate the surface 


Opacities, at first primaril natic, later 
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ion in the plasma and that this ts 


i1jor chemical 


species in which form the 


substances across the blood 
enous injec iqueous barri 


On the basis In view apparently high permit 


iqueous barriers to the 


bonate 10n it was further proposed that 
of the bicarbonate 


ion in the aqueous 
“draggged” in with 
ional flow of fluid into 


together with the pre 


sumed the bicarbonate 
on into the posterior unber are considered 
to ck 


un pathway 


trance of the bicarbonate ion into the aque 


ous humor of the rabbit eve 


This 


intravenous Injection ot 


is a study of the effect of an 
acetazolamide 


Diamox) upon the kinetics of the bicar 
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RARBI AOUFOUS HUMOI 
ti (GREEN, Pu.D AND JOHN | SAW YEI 
j ene 
carbonate 10n 1n the Le is hi 
rabbit eve following the intra 
tion of C-14 labeled NaH 
of the available evidet nd the results of tivity of the blood - 
the C-14 studies it w pri ed that the | bicat 
carbonate 1on in the aqueous humor of the part 
posterior chamber arises chiefly from the humors is “carried” 
the bulk or unidirect 
te S Mi 
Fight For S tg e Nat ( 
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Kline ar Fre 30 Spr 
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bonate ion in the humors of the 


aqueous 
with the use of intra 


14 labeled NaHCQs. 


rabbit eye studied 


venously injected 
EX PERIMENTAI 


Except for the administration of acetazola 

mide (Diamox*), 30 mg./kg. body weight, 
> 

as a solution of the sodium salt (30 mg./ml. ) 
the entire experimental procedure was the 
same as described in the previous paper. The 
drug was injected intravenously 45 minutes 
prior to the administration of the radioactive 


NaHCO,, 


from the first eye five to 10 minutes later and 


and the aqueous humors removed 


from the other eye 10 to 20 minutes later. 
These time pe riods were chosen to coincide 
with the time required (about 60 minutes) 
for the bicarbonate ion concentration in the 
aqueous humor of the posterior chamber to 
fall maximally (21.6 percent) following the 
lhe corresponding fall 
fluid this 


period of time was about 12 percent.’ 


injection of Diamox 


in the anterior chamber after 

Experiments designed to determine the 
effect of Diamox acting over shorter periods 
of time were also performe d. For this pur 


pose the labeled NaHCO 


following the 


was injected im 
mediately injection of the 
Diamox. The aqueous humors were removed 
five to 15 minutes after the injection of the 
NaHCO 


arterial blood plasma were 


blood 


In all experiments samples of 
prepared from 


whole removed at appropriate time 
periods 
RESULTS 
\ positive correction factor of 1.228 was 
applied to the measured radioactivity of the 
plasma samples, as previously determined 


No correction factor was required for the 
aqueous humor samples 

In an attempt to minimize the variability 
from animal to animal of the levels of radio 
activity and the rates of decrease in both 
plasma and posterior chamber fluid, previ 
untreated animals, 


ously observe d in 


Lederle 
Division of ¢t m ‘ C vanamid 


Pearl Ri 


* Diamox was generous supp | bw the 
Laboratories 


( orporatior 
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experiments with Diamox were performed 
on litter-mate rabbits whose weights were 
approximately the same within 0.5 pounds 
These results indicated the same degre of 
variability as observed with rabbits chosen at 
random without regard to litter-mate source 

In all cases the time periods indicated r 
fer to the time after the administration of 
the NaHC™O 

C-14 ANALYSES OF PLASMA AND 
AQUEOUS HUMORS 


(NaHCO 


injection of 


45 minutes after the 
Table 1) 


results of 12 


injected 
Diamox 


Plasma. The experiments 


are given in Table 1 ‘rom a semilog plot 


of the activity of plasma samples against 


time it was apparent that the radioactivity 


disappeared at a single exponential rate 


Accordingly, the best straight line was drawn 


from the plasma data (a minin 
points) on a semilog plot by graphic methods 
which meet the criteria of the method of least 


\ slope of each straight line repre 


squares | 


sented the rate of disappearance of C-14 in 


the plasma in terms of percent of total C-14 


are listed under the 


While th« 


animal, the 


min. and the values 


column percent min individual 


values varied from animal to 
average rate of disappearance in the 12 ex 


periments was 5.65 percent/min. This corre 


time for 50 


disappearance of radioactivity of 12.27 min 


sponds to an average percen 
utes. The time interval during which samples 


for the preparation of plasma was 


of whol was removed from the ear 


artery 
from five to 30 minutes, and usually with 
not less than eight to 10 minutes between 
radioactivit 


Posterior chamber. The 


the aqueous humor of the posterior chambet 


Table 1, as counts/min./0.2 


is recorded in 
columns headed CPM (t,) 


the figures in parentheses refet 


ml. the and 


CPM (t.); 
+ The following abbreviations 
resentation and discus 
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P. C., posterior mber; CPM, « ts 
ee, Ever, New York per 0.2 ml. of sample 


BICARBONATE ION IN 


INTRAOCULAR FLUIDS 


rABLE 1 


ANALYSES OF PLASMA 


RABBITS Ft 


AND 


APTEK INTRAVENOUS INJECTION OF 


r Chamber Fluid 


16,906 
11,506 
8,181 
9 572 


6.550 


290 


AQUEOUS HUMORS O} 
ILLOWING INTRAVENOUS INIECTION OF 


ANTERIOR AND POSTERIOR CHAMBER OF 
VaHC'™O, 45 MINUTES 
DiamMox (30 mG./KG.) 

Anterior Chamber Fluid 


CPMit 


781 (17 
913 


> 


084 0 


in *ercentage 
andard deviatior 

standard er 

The 


in each 


to the time of withdrawal of the fluid 


variable levels of activity observed 


of the two columns are essentially a reflec 
tion of the variability of the levels of activity 
in the plasma and of the different times of 


More 


obtainable from the 


withdrawal of the fluid informative 
and consistent data are 
ratio of the levels in the posterior chamber 


P< 


lhe plasma values 


to those in the plasn 1 Pl), for corre 
sponding periods of 
for the given experiment were read from the 
best straight lines of tl 
The 


ratios at t 


individual semi-log 
values the PC/PI 
1.85 and 1.88, re- 
different 


This suggested that the re- 


plots average tor 


and t were 


spectively, and_ statistically not 


from each 


lationship of the activity in the posterior 


chamber to that in the plasma was essen 


1 


tially constant, at least during the indicated 
() 


interval of time (five to min. ) 


re cisely the actual! 


these 


In order to define mort 
relationship between the activities of 
Pl ratios were 


Figure 1-A 


scatter of the experimental 


two fluids, the individual P¢ 
plotted against time, as in 
Despite the wid 
points it was obvious that the trend was best 
between the two 


described by a straight line 


series of points. Further resolution was ac 
complished by plotting the calculated aver 


ages of values associated with the relatively 


more dense time groupings, such as between 
five to 9.5 minutes and 15 to 19.5 minutes. 
lhe results of such calculations are given in 
Table 2 


1-B. It is obvious that the two points form a 


with the points plotted in Figure 


straight line (average 1.883) parallel with 
the time co-ordinate of the plot. 

With the establishment of the constancy 
of the PC/PI ratio with time, it was at once 
apparent that the radioactivity of the aque 
ous humor in the posterior chamber must 
have disappeared at about the same rate as 
did that in the plasma. That this was the case 
was confirmed by comparing the averages of 
the individual rates of disappearance (per 

min. in table 1). The results show a 
value of 5.34 percent/min, for the posterior 
fluid 


nificantly different 


which was, indeed, not sig 
(P > 0.60) 


percent/min. for the plasma 


chamber 
from 5.65 


Anterior chamber. The radioactivity of 
the aqueous humor of the anterior chamber 
in Table 1, 
ml. in the columns headed CPM(t,) 
CPM (t.); 


to the time 


is recorded as counts/min./0.2 
and 
the figures in parentheses refer 
of withdrawal of the fluid. As 
with the data of the posterior chamber fluid, 
here too the variability of the levels of ac 
tivity observed in both columns under 


anterior chamber fluid was essentially a re 
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Pla Poste PC /AC 
N A CPM I CPMit Pt 4 CPMit AC a AC t t 
PI min.* Pl Pl 
I 5.47 12.300 (4 5 1.66 6 70 (16 1.57 5.97 65.305 (5 0.86 1.52 1.95 1.09 
6.44 7.512 (6 5 1.30 § 440 (13.75 1.47 4.50 640 (7 0.83 1.09 1.62 1.39 
; 3.99 11,126 (8.25 3 5.968 (16.3 1.66 7.52 108 (8.5 0.82 51 (16.81 1.24 2.98 1.39 
4 5.23 15.053 5 32 8.629 (15 1.96 7.39 042 (7.5 0.78 16 (15.5 1.19 2.99 1.69 
5 7.3 10.526 . gs R34 (15 » 44 3.78 869 (8.5 0.92 42 (15.25 1.42 2.16 1.62 
o 10.90 16 16 5 sO 10.913 (15.25 » 2 5.49 977 (8.0 0.56 51 (15.5 1.35 2.80 1.72 
7 6 13.9 5 8. 210(15.5 963 (8.25 0.93 04 (16.25 1.41 2.34 1.58 
® 5.01 64 7.531 (16.75 1.84 8.96 6.912 (8.3 1.08 70 (17.5 1.56 2.45 1.24 
) 4.33 0 Si 8.418 (17.25 1.59 3.82 4,397 (9.5 0.60 53 (17.5 0.91 2.62 1.77 
0 1.60 0 6.344 (18.25 7¢ 3.107 (9.25 0.68 79 (18.75 0.80 2.63 2.00 
11 3.7 5 6 920 (15.0 1.80 2.46 ? 689 (8.0 0.47 11 (15.25 0.93 4.56 1.93 
12 3.94 fe 5 1 4. 876 (4.75 1.71 4.04 2.687 (8.0 0.73 70 (115.0 0.70 2.44 2.48 
Av 5s 6S gs 1.88 5.34 0.77 1.18 
Ss D.+ 1.94 0.3 2.00 0.166 0.288 
S.E.M. 0.56 0.109 0. 58 0.048 0.087 
. ‘ ite 
+S.D.: et 
3 S.E.M 
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A 
hig (reel \ Plot vid lt entrat rat ] 
given in Table 1. (B) P ge the 
that in the plasma @ individual AC/I 
ilues were plotted iwainst time, as in Figur 
> 
2-A. Despite the mil weak scatter of 
the points there is fo: 
plotting 
erages values associ 
relatively more dense tim 
ive 951 il 
Results of such 
able 3 with th 
2-13. is obvious 
cur 
OF Cee D ACCORDIN TIM 
Ni \ é 
Expt Average S.E.M Minus 
Ap 
5s. OSs 1? 1.854 0 378 0.109 7.54 
10-14.5 
15-—19.5 11 1.915 0.275 0.0837 15.94 
0-25 0 
1.883 
* S.D.: 
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Ratio of Concentrations 


INTRAOCUI 


of HC'*OS 


(AC/ PI) 


Ratio of Concentrations 


ef 
4° 
0 
i L iL i 
5 10 15 5 10 15 20 
Minutes 
A B 
Gree \ | \ IVI ‘ iti ‘ AC/PI1) 
‘ ‘ el t AC /PI1) 
activity in the a rm ompared ilues are plotted against time in Figure 3-A 
o the very rap liate rise in the \lthough it is quite apparent that the ratio 
< ‘ ll p siderations the tended to decrease with time, better defini 
curve v be © start at the tion of the relationship between PC and A¢ 
origin ictivities was obtained from the averages ot 
Relations] Wdioa nm aqueous the values grouped according to time intet 
mors rior a mterior chai rs ils, such as for five to 9.5 minutes and 
Phe os ¢ ‘ the mucous 10 to 14.5 inutes table 4) \ plot of these 
humor of the pos ver to that of iverage values against the average time of 
the anter« ha h eves of each the interval gave, as shown in Figure 3-B, a 
rabbit are givet n the last twe listinctly decreasing trend 
columns. The t o the time whet 
. C-14 ANALYSES OF PLASMA AND 
ich eve Was pp ~ nte or cha 
uid was re sually within 
minute of the t vosterior cha NaHCO injected immediately after 
ber fluid was removed. fé the sake of the injection of Diamox lable 5) 
simplicity, the t,; a1 et o the time he results of six experiments are given 
of the posteri h The individual in Table 5, Because of the close similarity 
TABLE 3 
RA F « \ aproactivity (AC/PL) GROUPED ACCORDING TO TIMI 
‘ S.D S.E.M 
Minutes Minutes 
5 9 § 0.77 0.166 0.0480 
10—-14.5 
15-195 11 1.185 0 0 OR867 16.39 
20-25 | 
*S 1) t dd 
S.E.M.: standard « ‘ ‘ 
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Diamox 
Ratio of Concentrations of HC'*O;S (PC/AC) 
4.0 
] 
Fig 3 (Green and Sawyer ) \) 
2 Plot of the individual radioactivity 
concentration ratios (P¢ AC) 
> 1 
= | . in Table ] The 1 « ré 
= 3 moval of the anterior chamber fluid 
© 2.0 . . ° was taken as the same as that of the 
° ) ) 
PC fluid. (B) Plot of the average 
= >. 4 of the individual radioactivity cor 
centration ratios PC/AC) groupe 
= ccordn ge to time table 4) 
o 
° 5 10 is lo s 10 is 20 
Minutes 
A B 
of the individual experimental time periods In evaluating the effects of Diamox it ts 
in each group, t, and ts, the average values necessary to recall that in the previous study 
may be compared directly. Thus, the PC/Pl the dynamics of the bicarbonate ion was 
ratio of concentrations of activity at the time followed during the normal steady-state con 
of withdrawal of the aqueous humor (aver ditions of untreated animals. Under the con 
age t,, 5.70 minutes) was 1.560 while that ditions of the present study, that is, 50 to 60 
at t. (average, 11.75 minutes) was 1.651. minutes after the injection of Diamox, it had 
The corresponding values of the AC/PI been found? that while the bicarbonate ion 
ratios were 0.537 at an average t, of 6.30 concentration of the arterial plasma of 
minutes, and 0.756 at an average t, of 12.10 rabbits remained essentially unchanged, that 
minutes. The PC/AC ratio of concentra- in the aqueous humor of the posterior cham 
tions at the t, and t, corresponding to the ber decreased 21 percent and that in the 
times of removal of the P¢ sample, were aqueous humor ot the anterior chamber cle 
3.02 and 2.26, respectively creased 12 percent. 
DISCUSSION COMPARISON OF THE KINETICS OF THI 
Che rabbits used in this study were con BICARBONATE ION 
sidered to have been normal and represen As studied with C 14 labeled NaHCO 
tative of adult pigmented rabbits and, as with and without the injection of Diamox 
such, were assumed to have physiologic and (45 minutes prior to that of NaHC"; ) 
biochemical properties similar to those of the Rates of decrease of radioactivity in 
animals used in the previous study' with plasma. Comparison of the average rates of 
out Diamox, decrease of the radioactivity concentration 
rABLE 4 
RATIO OF CONCENTRATIONS OF RADIOACTIVITY (PC/AC) GROUPED ACCORDING TO TIMI 
Time Av. Time 
. 0. ‘rage S S 
Minutes N f Expt Average | Minutes 
os 1? ? 52 0.478 0.138 7.54 
10-14.5 
15-19.5 11 1.68 0.365 0.110 15.94 
20-25 0 
* S.D.: standard deviation. 


t S.E.M.: standard error of the mean 
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rABLE 5 
C' ANALYSES OF PLASMA AND AQUEOUS HUMORS OF ANTERIOR AND POSTERIOR CHAMBERS Of 
RABBITS FOLLOWING INTRAVENOUS INJECTION OF NaHC!*O, IMMEDIATELY AFTER 
THE INTRAVENOUS INJECTION OF DIAMOX (30 mG./KG.) 
Plasma Poste r Chamber Fluid Anterior Chamber Fluid PC /AC 
No A CPMit P¢ CPMit PC A CPMit AC CPMit AC t t 
min.* Pit Pit min.* Pit Pit 
1 4.63 4,169(5.5 1.522 3,562(10.5 1.612 3.14 1,276(6.0) 0.473 1,324(10.5 0.602 3.27 2.69 
2 5.86 4,927 (5.0 1.564 3,888(10.5 1.698 4.35 1,474 (6.0 0.477 1,457 (10.75) 0.650 3.34 2.67 
3 §.25 5,619 (§.25 1.488 3,977 (15.25) 1,768 3.44 1,954 (6.0) 0.528 1,758 (15.75 0.803 2.88 2.26 
4 7.59 | 8,775 (5.25 1.688 5§,437 (13.25 1.942 5.96 2,431 (5.75) 0.486 2,431 (13.75 0.900 3.61 2.24 
5 3.78 5,606 (6.5 1.900 4,488 (10.75) 1.753 5.94 1,891 (7.0 0.654 2,060(10.75) 0.824 2.96 2.18 
6 3.92 4,334(6.5 1.235 3,395(10.25) 1.132 5.81 | 2,091 (7.0 0.603 2,260 (11.0 0.756 2.07 1.50 
Av.# 5.175 1.560 1.651 4.773 0.537 0.756 3.02 2.26 
S.D 1.285 0.205 0.252 1.189 0.069 0.102 
S.E.M. 0.524 0.084 0.103 0.485 0.028 0.042 
Average time (minutes): P¢ 5.70; P€ 11.75; ACit 6.30; AC(t 12.10 
Percentage of radioactivity decreased /minute 
+t Ratio of concentrations of activity at time of withdrawal of aqueous humor 
t Average; S.D tandard d S.E.M.: standard error of mean 


in the plasma of normal and Diamox treated 
rabbits (table 3, previous paper, and table 1, 
present paper) indicates that the drug had 
no significant effect upon this system, even 
within 50 percent confidence limits (normal, 
6.22 id 


percent/min.). This is in agreement with the 


percent/min. a1 with Diamox, 5.65 


findings of Green and co-workers*? and of 
Becker® that the HCO 


the plasma was not appreciably affected by 


concentration in 
the intravenous injection of Diamox in 60 
minutes, but not in accord with the findings 
of Langham and Lee* that Diamox lowered 
the HCO 


ing the same time period about 25 percent. 


concentration of the plasma dur 


Rates of decrease of radioactivity in aque- 


us humor of posterior chamber. Compari 


son of the average rates of decrease of the 


in 


radioactivity concentration posterior 
20 
= "Me. 
™ 
fe) 2 6 10 12 6 is 20 22 24 26 


Minutes 


chamber fluid of normal and Diamox-treated 
(table 


present paper ) 


rabbits 3, previous paper, and table 
indicates that the drug had 
no significant effect upon this system, even 
within 50 percent confidence limits (normal, 


5.34 


percent/min., a relative difference of only 


5.66 percent/min. and with Diamox, 
six percent). In view of the similarity of the 
of the 


corresponding plasmas, this similarity in the 


rates of decrease radioactivity in 
rates of decrease of radioactivity in the pos 
terior chamber suggests that the fundamental 
dependence of the rate of change of radio 
activity in the posterior chamber upon the 
corresponding rate of change in the plasma’ 
apparently has not been affected by 50 to 
60 minutes of Diamox action. 


Ratios of concentrations of radioactivity 


PC/PI Comparison of the average ratios, 
Fig. 4 Green and Sawyer) 
Radioactivity concentration of 


iqueous humors and plasma versus 
time. The radioactivity concentra 
318 given in terms oft counts 
min./0.2 ml. All curves are averages 


is explained in the text under “Dis 


cussion.” Plasma curve, —A—A 

PC curve, e@ @ (calculated 

from average PC/P1 of 1.883); 

\( curve, a-—& (calculated 

from AC/P1 values grouped ac 
‘ cording to time); and + + 
’ (calculated from PC/AC values 
~=6grouped according to time) 
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Fig 5 (Greet und Sawyer ) ol 
average PC/PI itios oft neentration of radio 
actin normal O—) Diamox injected 45 


Diamox injected 


ut zero minutes ) The samples 
iqueous humor wert uwn at the indicated time 
periods (averages) after the administration ot 
NaH¢ the plasn values at the same _ time 
periods were ive iges the lividual 1 
log hmi plots oO radio ncentrations 
versus time 

for the period of the experiments, of the 


concentrations of radioactivity of posterior 
chamber fluid to that of the plasma (table 
4. fig. 1-A and 1-B, 
table 2, fig. 1-A, 1-B, 
the PC/PI 


animals 


previous and 


paper, 


present paper) indi 


cates that ratio in the Diamox 


than 


that in the normal animals (1.882 and 2.259, 


treated was 17 percent less 


respectively). This is graphically illustrated 
The difference was significant 
within better than 99 
limits (P < 0.01) 


Diamox action did not significantly affect the 


in Figure 5 
percent confidence 
Since 50 to 60 minutes of 
rate of decrease of the concentration of 
radioactive bicarbonate ion in the plasma or 
the itself,? 

then a comparison of the PC/PI ratios of 


bicarbonate ion concentration 


radioactive bicarbonate ion concentrations, 
before and after the injection of the drug, 
1s basically a measure of the effect of 
Diamox upon the concentration of radioac 
tive bicarbonate ion in the aqueous humor of 
observed 


Pl ratio 


the posterior chamber. Thus the 
decrease of 17 percent in the P¢ 
of radioactive concentrations of bicarbonate 
ion may be taken as a 17 percent decrease 
in the concentration of radioactive bicar 
bonate ion in the posterior chamber fluid. 


This is in good agreement with the non- 
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radioactive chemical findings, already re 


ferred to, that during the same time period 
under consideration the intravenous injection 
of Diamox decreased the bicarbonate ton 
concentration of the post rior chamber fluid 
by about 21 percent 

Ratios ¢ 


AC 


for the corresponding grouped time periods 


nceentrations f radwactiz 


Pl. Comparison of the average ratios 


of the concentrations of radioactivity in the 
anterior chamber fluid to that of the plasma 
(table 5, fig. 2-A, 2-B, previous paper 
table 3, fig. 2-A, 2-B, 


cates that the AC/PI 


| 
and 


present paper) ind 


ratio in the Diamox 


treated animal was 30 percent lower for th 


five-to-9.5-minute period and 36 percent 


lower for the 15- to 19.5-minute period 


the corresponding AC/PI ratios in the nor 


mal animal (0.77 and 1.00, respectively, for 
the five- to 9.5-minute period and 1.185 and 
1.629, respectively, for the 15- to 19.5 nute 
period). This is graphically illustrated in 


Figure 6 The differences were significar 
within 95 percent confidence limits 

For reasons similar to those disct 
the preceding section, a comparison of t 
AC/PI ratios of 


concentration, before 


radioactive bicarbonate ton 


and after the 


injection 
of the drug, should provide an estimate of 
the effect of Diamo»x upon the concentration 


of radioactive bicarbonate ion in th 
] 


chamber fluid | 


observed ce rease of 


P| ratio of 


activity should indicate a 30 percent decreas 


Chus the 


some 30 percent in the A( 


in the concentration of radioactive bicar 
bonate ion in the anterior chamber fluid. This 
is mot in good agreement with the non 


radioactive chemical findings 


ferred to,* that during the same time period 
Diamox caused a 12 percent decrease in the 
bicarbonate ion concentration. The reason 


for this discrepancy will be discussed later 


Ratios of concentrations radioactivit 


PC/AC. 


ratios, for the 


of the average 


Comparison 


corresponding grouped time 


concentrations of radio 


periods, | the 


activity in the aqueous humor of the 


pos 


terior chamber to that of the anterior cham 


| 
—— 
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ber (table 6, fig. 3-A, 3-B, previous paper, 
and table 4, fig. 3-A, 3-B, present paper) 


indicates no appreciable difference between 


the two However, befor concluding 
AC 


ratio of radioactivitic s, it should be observed, 


ratios 


that Diamox had no effect upon the PC 


from previous studies, that the correspond 


ing ratios of the bicarbonate 


10n concentra 


tions in the two chamber fluids was decreased 


only about 10 per cent in one hour following 


the injection of Diamox.? Such a magnitude 


of change in the radioactivity experiments 


would be difficult to detect for this ratio, in 


view of the relatively wide scatter of the 


data. In addition, because of insufficient 


number of grouped timed periods available 


in the present study, comparison of the 
rates of f 


changes of the PC/AC ratios « 


radioactivities was not possibl 


Average radioactivity concentration-time 


curves of aqueous humors and plasma (fig 


4, previous paper, and fig. 4, present paper ) 


Inspection of the two sets of curves describ 


ing the average rates of change of radio 


activity concentrations for the three body 


fluids with and without pretreatment of the 


] 


animal with Diamox reveals an essential 


similarity in form and shape for the corre 
rence between the 


and A‘ 


sponding curves. The diffe 
corresponding PC/P! Pl] ratios has 
alre idy bee n dis uss¢ d 


While the radioactivity 


lationships between the three body fluids of 


concentration re 


the untreated normal animals may be extra 


polated to infinite time,’ the corresponding 


relationships in the Diamox-treated animals 


may not be safely extrapolated, because of 


the differences in changes in bicarbonate ion 


concentrations in the three body fluids with 


longer time periods 
MopbE OF ACTION OF DIAMOX 


According to the secretion-diffusion theory 


bicarbonate 


)f aqueous humor formation 
ions are presumed to be formed in the epithe 

iccording to the re- 
HCO,-. The HO are 


from the oxidation of 


lium of the ciliary body 
action, HO- + CO 


considered to aris« 
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Fig. 6 (Green and Sawyer). Comparison of 
average AC/PI ratios of concentrations of radio 
ctivity: Same legend and conditions as in Figure 5 


reduced cytochrome oxidase in the epithe 
while the CO, is postulated as being 
derived from the HCO,>- of the blood in the 


lium 


stromal capillaries. The bicarbonate ions thus 
formed are said to diffuse into the posterior 
chamber 
the 


This sequence of events comprises 
fundamental basis for the maintenance 
of a higher concentration of bicarbonate ions 
in the aqueous humor than in the circulating 
arterial plasma This excess bicarbonate ion 
concentration has been suggested as being 
chiefly responsible for the measured hyper 
tonicity of the aqueous humor of the rabbit 
compared to the plasma. As a direct conse 
quence of this osmotic gradient a continuous 
unidirectional flow of fluid from the plasma 
into the 


posterior chamber is presumably 


maintained. Although the validity of Frie 
denwald’s formulation has been questioned 
on physical chemical as well as biochemical 
grounds,’ and his use of vital dyes as a basis 
the 


been 


for the drawing of conclusions as to 


physiologic properties of tissue has 


criticized,** nevertheless, the concept that the 


excess bicarbonate ion in the aqueous humor 
of the rabbit eye plays the pivotal role in the 


formation of the aqueous humor has been 


* In addition it should be mentioned that in view 


of the penetration of anions as well as cations from 


the plasma into the posterior chamber, Frieden 


wald’s basis for postulating an irreciprocal per 


meability of the ciliary epithelium would appear not 


to be justified 
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most widely accepted during the past two 
decades 

Friedenwald,® on the basis of Becker's 
initial studies on the effect of Diamox upon 
the bicarbonate ion concentration and the 
dynamics of the aqueous humor formation in 
the rabbit eye, incorporated a vital role for 
carbonic anhydrase in his previously postu 
lated series of reactions for the formation of 
bicarbonate ions by the ciliary body. Accord- 
ing to this carbonic anhydrase in the ciliary 
epithelium serves fundamentally to catalyze 
the hydration of CO,, presumably from the 
blood bicarbonate, according to reaction (1) 

CO,+H,0—H,CO (1) 

In this way carbonic acid, H,COs, is made 
readily available to neutralize the hydroxyl 
ions, presumably forming in the epithelium, 
to produce bicarbonate ions, according to re- 
action (2) 
+H,O 2) 


(2) H.CO,+OH HCO. 


In the stroma, on the other hand, carbonic 
anhydrase is postulated to catalyze the de 
hydration of carbonic acid (reaction [4] ) 
arising from the neutralization of plasma bi 
carbonate by the H* (reaction [3] ) generated 


by dehydrogenase reactions in the stroma. 


(3) 
H.CO,—H,0+ CO, (4 
In other words, according to Friedenwald, 


carbonic anhydrase fundamentally serves to 
provide the buftering capacity of the ciliary 
body, within the context of the postulated 
redox reactions. Therefore, inhibition of the 
carbonic anhydrase catalyzed reactions (1) 
(4) 
unneutralized OH 


and would lead to an accumulation of 
in the epithelium or H* 
in the stroma, depending upon the site of 
action of the drug. In any event the resulting 
pH change (increase in the epithelium or 
would be large 


decrease in the stroma) 


enough to inhibit the redox reactions and 
result in a decreased rate of elaboration of 
bicarbonate ions and of secretion of aqueous 
humor 

Starting with the basic formulations of 


the secretion-diffusion theory of aqueous 
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humor formation and the associated funda 
mental role of carbonic anhydrase postulated 
by Friedenwald, it would seem that elucida 
tion of the mode of action of Diamox upon 
the rabbit eye depends significantly upon 
information regarding the following five con 
siderations 

1. Source of 


aqueous humor. 


the bicarbonate ion in the 

2. Role of carbonic anhydrase in the elab 
oration of the bicarbonate ion of the aqueous 
humor 


? 


3. Effect of Diamox upon the rate of 


transfer of bicarbonate ion into the posterior 
chamber. 

4. Relation of the rate of transfer of bi 
carbonate ion into the posterior chamber with 
the rate of formation of aqueous humor 

5. Is the secretion of aqueous humor de- 
pendent upon the existence of an osmotic 
pressure gradient increasing from the plasma 
to the aqueous humor ? 

The 


contribute significantly to the resolution of 


results of the present investigation 
these five considerations. 

1. Source of bicarbonate ion. In the previ 
ous paper’ by us_ theoretical considerations 
and experimental evidence were adduced fa 
voring a proposal that the major bulk of the 
bicarbonate ion in the posterior chambet 
fluid came from the bicarbonate ion in the 
plasma without the intermediary conversion 
to CC Jo. 

2. Role of 


elaboration of the bicarbonate ion 


carbonic anhydrase in the 
A logical 
corollary of the results in the previous pa 
per was that 
ions from the hydration of CO, contributed 


the formation of bicarbonate 
only a relatively small amount to the concen 
tration in the aqueous humor of the posterior 
chamber. It therefore naturally follows from 
this that the carbonic anhydrase activity of 
the ciliary body apparently does not partici 
pate to any appreciable extent in the elabora 
tion of the bicarbonate ion in the aqueous 
humor. Furthermore, as discussed in the next 
section of this paper, the rate of transfer of 


bicarbonate ion into the posterior chamber 
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was found to be markedly diminished within 
five minutes after the intravenous injection 
of Diamox, during which time the carbonic 
anhydrase activity of the anterior uvea was 
not appreciably affected.’ 

3. Effect of upon the 


transfer of bicarbonate ion into the posterior 


Diamox rate of 
chamber. It may be inferred from the fore- 
going discussions that although the bicarbon 
ate 10n may be transported into the posterior 
chamber predominantly in the form of the 
bicarbonate ion, rather than as a result of the 
carbonic anhydrase catalyzed hydration of 
CQ. to carbonic acid, the possibility remains 
that the secretion of aqueous humor is es 
sentially dependent upon the maintenance of 
bicarbonate ion 


an excess concentration of 


in the aqueous humor relative to that in the 


10 


plasma, as first postulated by Kinsey In 


deed, Becker® has attributed the decreased 
secretion of aqueous humor 30 to 60 minutes 
following the injection of Diamox to the 
accompanying decreased excess of bicar 


bonate ion concentration in the posterior 
chamber fluid relative to that 
Mann, and 
hand, presented chemical data that were not 


in plasma. 
Green, Kroman,* on the other 
completely compatible with such a correla 
tion.* 

In an attempt to clarify the Diamox picture 
it is worth while to reconsider some charac 
the 
the available 


teristics of normal intraocular fluids. 


From information and based 


upon our present understanding, it is reason 
able to state that the distribution of bicarbon 
ate ion between the aqueous humor of the 
posterior chamber of the rabbit eye and the 


plasma is fundamentally a resultant of three 


* Although the observations of Langham and 
Lee* on the dynamics of aqueous humor formation 
intraocular accord with 


those of Becker,’ they nevertheless are in agreement 


and pressure are not in 


as to the significance of the maintenance of an ex 


cess bicarbonate ion concentration in the aqueous 
Their observa- 
tions of the effect of Diamox upon the bicarbonate 
the 


15 minutes differ from 


humor relative to that in the plasma 


ion concentration of the aqueous humor of 


anterior chamber in the first 


those of Becker*® and of Green and co-workers.” 
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component factors: (1) the rate with which 


is transferred into the 


posterior chamber; (2 


the bicarbonate ion 
) the loss or gain of 
bicarbonate within the posterior chamber ; 
and (3) the rate with which the bicarbonate 
ion leaves the posterior chamber.’ With re 
gard to factor (2) the available evidence’ ™ 
indicates that the lens probably does not 
contribute any appreciable amount of bicar- 
bonate ion to the aqueous humor. On the 
other hand, the production of lactic acid from 
the metabolic activity of the lens may sig 
nificantly neutralize part of the bicarbonate 
ion in the aqueous humor. The magnitude of 
this effect does not appear to be greater than 
10 to 13 indeed, probably 
lower." It is also possible that the bicarbonate 


percent, and, 
ion may diffuse into the vitreous humor, as 
has been suggested by Davson and Luck.’ 
However, analysis of the vitreous humor of 
rabbit eyes by Green, Mann, and Sawyer,"* 
foliowing the continuous intravenous infu 
sion of isotonic NaHCQOs, indicated that no 
apparent net exchange occurred between the 
bicarbonate ion in the aqueous humor of the 
posterior chamber and the vitreous humor 
(see also discussion in previous paper’). It 
is, therefore, reasonable to conclude that in 
rabbit eye the concentration of 
the 


the normal 


bicarbonate ion in posterior chamber 
fluid is maintained essentially by a balance 
between the rates of transfer into the eye 
and of flow out. 

The question naturally arises as to the 
mechanism whereby Diamox causes a de- 
P| ratio of concentrations 


the total 


crease in the PC 
of radioactive bicarbonate or in 
bicarbonate ion concentration, as manifested 


by its effect upon the above-described three 


+ In view of the rapid transfer of the bicarbonate 
ion from the into the posterior 
against a concentration gradient, and the unidirec 
tional bulk flow of fluid in the same direction, it is 
not very likely that an appreciable diffusion of bi 
carbonate ion out of the posterior chamber into the 
plasma takes place. Undoubtedly leak 
occur, but it is presumed that the major bulk of the 
chamber by 


plasma chamber 


some may 


bicarbonate ion leaves the 


into the anterior chamber 


p< sterior 


flow 
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determinants. In the first place, 
evidence suggests that the intravenous injec 
tion of Diamox had no apparent effect upon 
lens. Thus 


that the 


the metabolic activity of the 
Bochet 


carbonic anhydrase activity of the lens re 


Green and have shown 
mained unchanged and Green and Solomon" 
have demonstrated that with homogenates of 
presence of 1X 10°M 


had no apparent effect either upon the hexo 
the ability of the 


lenses the Diamox 


kinase activity or upon 


homogenate to produce lactic acid from glu 
cose-6-phosphate under conditions of active 
lactic acid production. It is unlikely, there 


fore, that under the conditions of the exper 


ments with Diamox the normal metabolx 
iwctivity of the lens would be disturbed. It 1s 
possible, however, that the pH of the aque 


ous humor of the poste! or chamber may be 


decreased as a result of the action of Diamox, 


thereby leading to a lowering of the bicat 
bonate ion in the aqueous humor of that 
chamber. Unfortunately, the effect of Dia 


sterior chamber 


mox upon the pH of the p 
fluid has not been measured so that any con 


clusions in this regard would appear to be 


unwarranted.* In any event it would appear 


logical to focus attention upon the effect of 


Diamox upon the rate of transport of the 


bicarbonate ion into the eye and the rate of 
outflow 

In this connection it is worth emphasizing 
that although the intravenous injection of a 


single dose of Diamox is known to cause a 


maximal decrease (21 percent) in the bi 


carbonate ion concentration of the posterior 
chamber fluid in about 60 minutes,*? no di 
rect ¢ Xp rimental ¢ vidence has been adduced 
drug reduces the rate of 


to show that the 


transfer of the ion into the posterior cham 


ber. As noted earlier in this paper Diamox 


* Green. Mann, and Kroman’ found that Diamox 
had no appreciable effect upon the pH of the 
wqueous humor of the anterior chamber during the 
first few hours (maximut wering of 0.05 pH 


units). Langham 1 Lee,* on the other hand, re 


ported a drop of 0.1 to 0.2 pH units withi 15 
minutes 


ies of the dynamics and chemistr f the aqueous 


AND 


the available 
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caused a 17 percent decrease in the concen 
tration of radioactive bicarbonate ion of the 
posterior chamber fluid after 50 to 60 min 
utes, which was in good agreement with the 
nonradioactive chemical findings that un 
der similar experimental conditions the total 
bicarbonate ion concentration fell about 21 
percent 

This correlation between the decrease in 
the concentration of total bicarbonate and of 
the radioactive bicarbonate supports the con 
cept proposed in the previous publication’ 


that the bicarbonate ion of the posterior 


chamber fluid arose chiefly directly from the 


blood bicarbonate. It may be argued, of 


course, that after 60 minutes of Diamox at 
State con 


tion, it may be assumed that steady 


ditions have been temporarily attained with 


the bicarbonate 1i0n concentration 


in the posterior chamber fluid and the d 


regard to 


creased rate of formation of aqueous humor 
Consequently, at this point, since the rates 
for the bicarbonate ion of transport into and 


of flow out of the posterior chamber are 


equal, the decreased concentration of the 


bicarbonate 1on must have resulted from a 


decreased rate of transfe r into the post rior 


} 


chamber. Although this reasoning is no 


without validity, the experimental results 
with the longer term Diamox action, at best, 
is only indirect evidence suggesting that the 
action of the drug is to decrease the rate of 
transfer of bicarbonate ion into the eye 

If the mode of action of Diamox is indeed 
as suggested above, then it should be possi 
ble to measure a decreased rate of transfer 


of bicarbonate ion into the 


posterior 
ber almost immediately or within a _ short 
time after the injection of the drug. The r 


sults of such short 
C-14 labeled 


effect of Diamox upon the turnover rate of 


term experiments with 


NaHCO, designed to test the 
bicarbonate ion in the aqueous humor art 
given in Table 5 and, for ease of comparison 
with the longer term effects of Diamox, art 
graphically illustrated in Figures 5 and 6 
humor of the anterior chamb 


evidence that Nnamox alte ed the rate of secretior 


Lang] 
ind Lee 
their 
»f the bi ri 
ite ior 
nto ti 
the ral 

t ¢ 

ve 
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Che 


Diamox 


results clearly show that the action of 


was indeed very rapid, having 
caused within six minutes a marked lowering 
of the PC/PI and At 


radioactive 


Pl ratios of concen 
trations of bicarbonate ion com 
pared to values in normal untreated rabbits 


It can also be seen that the effects of the 

short-term action of the drug on the PC/PI 

ratio were even more pronounced than that 

caused by the drug injected 45 minutes prior 
labeled 


(a decrease of 31 p* rceent compared with a 


to the injection of the bicarbonate 


decrease of 17 percent ) In the case of the 
AC/PI1 ratio while the effect of the short 
term action of Diamox was only slightly 


greater than that of the term action, 


ongert 


the results indicate lly rapid effect of 


an equa 


the drug upon the turnover rate of bicarbon 
ate ion in the anterior chamber fluid 
Che results of this investigation, therefore, 


g 
clearly establish the fact that the intravenous 


injection of Diamox caused a marked de 
t of bicarbonate 


Phe 


that the drug also decreased 


crease in the rate of transpor 


ion into the posterior chamber results 


further indicate 


the turnover rate of bicarbonate 1on in the 


anterior chamber within the first six minutes, 


which strongly suggests that the bicarbonate 


ion from the plasma may be transported di 

cnamber,r, 


rectly into the anterior rather than 


tusional ex hange 


fluid, as 


merely passive 


the 


postulated by Kinsey 


undergo 


with that in anterior chamber 


Since the decrease of the transport of the 


bicarbonate ion from the plasma into the 


aqueous humor occurred within the first six 


minutes of the action of Diamox, during 


which time it had been shown that the car 


bonic anhydrase activity of the anterior uvea 


was inhibited only about 20 percent, it 1s 


] 


apparent that the enzyme does not participate 


to any significant extent in the elaboration of 
the bicarbonate ion in the aqueous humor of 


the rabbit eve, or 1n the secretion of aqueous 


humor 
4. Relatior the rat transfer 
r chamber with 


carbonate 10n into the poster 


the rate humor 


aqueous 
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Gloster and Perkins’? have shown that the 


ocular hypotensive action of Diamox was 
elicited within a few minutes of its injection 
into rabbits. Although the effect of the drug 
upon the secretion of aqueous humor during 
the same time period was not determined, it 
that flow of 
aqueous humor was also suppressed, Indeed, 


that the fall in 


is reasonable to assume the 


the probability immediate 


intraocular pressure was determined com 


pletely by a decreased rate of formation of 
aqueous humor was concluded recently by 
lLangham'* who observed that the time cours« 


of the fall in the rate of aqueous humor 
formation immediately after the injection of 
Diamox agreed closely with the time course 
of the lowering of the intraocular pressure. 


lhe results of this investigation, therefore, 


together with the observation of the above 
investigators, establish for the first time a 
definite correlation between the rate of trans 
port of bicarbonate ion into the aqueous 


humor and the rate of formation of that fluid 
Furthermore. it becomes apparent that while 


a decre ised rate of secretion of aqueous 


humor is instantaneously translated into a 


similar decreased rate of flow out, a cle 


creased rate of transfer of bicarbonate ion 


into the eye is not immediately accompanied 
by a disease in the bicarbonate ion concen 
tration in the aqueous humor 


Che 


that the posterior chamber has a finite vol 


} 


reason for this is based upon the fact 


ume and, therefore, requires a finite time for 


the concentration of the bicarbonate ion 


therein to be lowered to that determined by 
the decreased amount entering per unit time. 


Indeed, the time required to reach this new 


equilibrium is fundamentally dependent upon 
the rate of flow of the aqueous humor. Since, 


under the circumstances, the latter was also 


decreased, a longer time is required for the 


decreased rate of transfer of bicarbonate ion 


into the posterior chamber to be reflected 


in a decreased bicarbonate ion concentration 
ibout 60 minutes ) 
This is shown in Figure 5 where the initial 


PC/PI ratio is a measure of the decreased 
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rate of transport of the labeled ion. The ratio 
gradually rose with time during the adjust- 
ment of the bicarbonate ion concentration to 
the reduced steady state level and approached 
the value obtained after 60 minutes of Dia 
mox reaction. At this point the PC/PI ratio 
is a product of the decreased rate of transport 
of bicarbonate ions as well as the decreased 
rate of flow of aqueous humor. It is obvious, 
of course, that a decreased rate of secretion 
of aqueous humor itself, without an accom 
panying decrease in the rate of transfer of 
bicarbonate ion into the eye, would have no 
effect upon the bicarbonate ion concentration 
in the eye 

Che results, therefore, cl arly indicate that 
the decrease in the rate of transfer of the 
bicarbonate ion into the posterior chamber, 
and the decrease in the rate of formation of 
the aqueous humor, occurred prior to the de 
crease in the bicorbonate ion concentration 
The latter event, therefore, was not the fac 
tor responsible for the decreased rate of for 
mation of aqueous humor, but was itself the 
resultant essentially of a decreased rate of 
transfer of bicarbonate ion into the posterior 
chamber 

Accordingly, the results argue against the 
concept that the maintenance of an excess 
concentration of bicarbonate ion in the aque- 
ous humor of the posterior chamber relative 
to that in the plasma is chiefly responsible for 
the secretion of aqueous humor. On the other 
hand, the results of this investigation cannot 
define precisely the functional significance 
of the active transport of bicarbonate ion and 
the resulting maintenance of an excess con 
centration in the aqueous humor relative to 
that in the plasma 

While it seems logical to suggest that the 
active transport of bicarbonate ion into the 
posterior chamber may be the primary event 
in the formation of aqueous humor, a defi- 
nite conclusion in this regard must await 
accurate simultaneous determinations of the 
rate of formation of aqueous humor and rate 


of transfer of bicarbonate ion in normal rab 
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bit eyes and at varying time periods after the 
administration of Diamox. 

5. Is the secretion of aqueous humor de 
pendent upon the existence of an osmotic 
pressure gradient increasing from the plasma 
to the aqueous humor? It is obvious from 
the above discussion that the rate of secretion 
of fluid into the posterior chamber of the 
rabbit eye is probably directly related to the 
rate of transfer of the bicarbonate ion, and, 
therefore, may not be dependent upon the 
existence of an osmotic pressure gradient 


plasma to the aqueous humor. I1 


from the 
deed, the 


ments of Kass and Green'® indicate the ab 


recent Osmotic pressure measur 


sence Of any significant Osmotic pressure 
gradient between the aqueous humor of the 
posterior chamber and the plasma and show 
that the action of Diamox had no apparent 
effect upon this relationship. On the other 
hand, the measurements clearly established 
that the 


humor of the 


osmotic pressure of the aqueous 
anterior chamber was signin 
cantly greater than that of the plasma and of 
the aqueous humor of the posterior chamber 
injection of 


Furthermore, the intravenous 


Diamox resulted in a significant decreas« 
in the osmotic pressure gradient between the 
and 
the plasma as well as the posterior chambet 
fluid. 


These osmotic pressure relationships pro 


aqueous humor of the anterior chamber 


vide a reasonable explanation for the appar 
ent discrepancy, mentioned previously in this 
discussion, between the 20 percent decrease 
in the A¢ 


trations and the 12 percent decrease in con 


P| ratio of radioactivity concen 
centration of bicarbonate ion in the aqueous 
humor of the anterior chamber measured 60 
minutes after the intravenous injection of 
Diamox. It will be recalled that in the previ 
ous paper it was suggested that the lower 
concentration of bicarbonate ion in the an 
terior chamber fluid compared to the con 
fluid 


could well be explained on the basis that the 


centration in the posterior chamber 


concentration of bicarbonate ion entering the 
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osmotic flow of 


the 


anterior chamber with 
fluid 


lower than that flowing in from the posterior 


(solvent drag) from the plasma was 


chamber 
Accordingly, since it has been shown by 
Kass and Green’® that Diamox decreased the 


} 


osmotic pressure gradient between the aque 


ous humor of the anterior chamber and the 
plasma, the resulting decreased flow of fluid 
into the anterior chamber would be accom 
entry of bi 
This could 
in the A 


Pl ratio of concentrations of radioactivity 


fluid 


panied by a decreased rate of 


from the plasma 


account for the observed 


carbonate 


lecreast 


In addition, since the transport of 
ind bicarbonate ion from the plasma into the 
anterior chamber normally may be 


} 


sponsl 


le for diluting the bicarbonate 1on concen 


tration entering from the posterior chamber,’ 


a suppression of this transport, instead 


] 


oncentration of 
fluid, 


oncentration mort 


causing a decrease in tl 


carbonate ion in the chamber 


would tend to n 
directly a reflect he concentration en 


mber 


in an earlier 


tering with the aqueous 


humor. Indeed, as « 
during tl hours of 


this 


publication, 


Diamox action lationship obtained 


Furthermore, since th ime of 


nes that of the 


the ante 


rior chamber is about 
posterior chamber, is required 


concentration 


posterior 


For i 
chamber to be mani anterio1 
chamber 

Phese 


reasonable explanation ror the me 


consideratiol refore, provide i 


isured 30 


in th Pl ratio of con 


centrations of radioacti bic 


percent decrease 
irbonate 


10n 


and only a 12 perce in the con 


rl 


centration of bicarbonate 1 in the anterior 


chamber aqueous hun ninutes after the 
injection of Diamox 


Che 


fore. 


results fron laboratory, there 


indicate the iste of an osmoti 


fluid 


chamber 


the plasma into the an 
hat the flow of 
he anglk of the rabbit 


fron 


flow of 
terior and sug 


+ 


aqueous humor out at 
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eye 1S composed of at least two components: 
(1) the flow 


which then passes through the pupillary 


into the posterior chamber 


space into the anterior chamber ; and ( 2) an 
osmotic flow from the plasma into the ante- 
rior chamber, The absence of a significant 


gradient between the plasma 


osmotic pressure g 


and the aqueous humor of the posterior 
chamber suggests that the flow of fluid into 
the posterior chamber may not be an osmotic 


Whether this 
related to 


flow. transport of water is 


functionally the active transport 


of the bicarbonate ton or other ion, or 


is dependent upon some other mechanism, 


remains to be determined. The measurement 


of the relative contributions of the above 


mentioned two sources of aqueous humor 
flow to the dynamics and chemistry of the 
aqueous humor in the anterior chamber un 


der 


istration of Diamox represents a stimulating 


normal conditions and after the admin 


and interesting new approach to aqueous 


humor studies 

It would seem that a logical approach to 
future investigation of the kinetics of aque 
ous humor formation and flow should in 
the simultaneous use of deuterium or 


labeled H.O and C-14 labeled Na 


as tracers of the dynamic properties 


clude 
tritium 
HCO 
of the fluids in both the anterior and poste 


chambers relative 


1OT 


to that in the plasma. 


SUM MARY 


Phe 


Diamox (30 mg./kg.) 


injection of 
the kinetic 


effects of an intravenous 
upon 
properties of the bicarbonate ion in the aque 
ous humors of the rabbit eve were studied 


the 
C-14 labeled sodium bicarbonate 


with use of intravenously administered 

(NaHC™ 

(). ) 
Two Diamox 


time periods of action of 


were studied: longer duration, 50 to 60 min 
shorter duration, five to 10 minutes 
\fter 


ratio of the concentration of radioactive 


the 


utes; 
50 to 60 minutes of Diamox action 
the 
the 


bicarbonate in humor of 


the 


aqueous 


posterior chamber to that in plasma 
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( P¢ Pl) was decreased by 17 pe rceent In 


view of the absence of any significant effect 
C-14 
this 


of Diamox the kinetics of the 


labeled 


lowering of 17 percent reflected the decrease 


upon 
bicarbonate ion in the plasma, 


in the concentration of radioactive bicarbon 
ate ion in the posterior chamber fluid and 
was in good agreement with the previously 
total bi 


found 21 percent decrease in the 


carbonate concentration This good cor 


relation supports the concept, previously pro 


posed by us, that the bulk of the bicarbonate 


ion in the posterior chamber fluid is derived 
from the bicarbonate ion in the plasma 
Che decrease in the ratio of concentration 


of radioactive bicarbonate ion in the aqueous 


humor of the anterior chamber to that tn the 
plasma (AC/PI1), 
Diamox, 
that Dian 
of the bicarbonate ion into 


50 to 60 minutes after the 


injection of was about 30 percent 


This 


rate of 


ox suppressed the 


Suggests 
transfer 


the anterior chamber directly from _ the 


plasma 


Che shorter duration experiments ( five to 


10 minutes of Diamox action) were designed 


to determine the effect of the drug upon the 


} 


rate of transfer of the bicarbonate ion into 


the aqueous humor before steady-state 


} 


distribution of the bicarl ion concentra 


tion had been est iblishec 


the longer duration ex 


of transfer of the bicarbonate ion 


from the plasn a into the posterior chamber 


was lowered by 30 percent five minutes after 


the injection of Diamox it had been 


shown by other investigators (Gloster and 


Perkins and Langham) that the rate of flow 


of aqueous humor was decreased within a 


few minutes of the injection of Diamox, the 
results of the estab 


lished for the 


present investigation 


first time a definite correlation 


between the rate of transport of the bicar 


bonate ion and the 1 1" oft aqueous 
humor 

In view of previous hndings by Green, et 
al., that the carbonic anhydrase activity of 
the anterior uvea had been inhibited less than 


20 percent hive minutes atter the injection of 
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Diamox, it is apparent that the enzyme does 


not participate to any significant extent mn 


the elaboration of the bicarbonate 


posterior chamber or in the 


aqueous humor 


In view of the longer time (about 60 min 
Diamox required 


utes after the injection of 


for the maximum decrease arbon 


ate ion concentration of the posterior chan 
ber fluid to 


that the 


occur, it is reasonable to conclude 
rate of flow of aqueous humo 


fundamentally dependent upon tl 


nance al excess 


ion concentrati in the 


relative to that im the i. Rather 


reasonable to suggest that the rate of fort 


tion of the aqueous hum 


chamber may be direct 
of transfer of the bicarl 


nbet 
After tive 


the ratio of 


to 10 minutes of 
the concentration 


bicarbonate of the 


rked_ eftect 


basis of the findings of 
the aqueous humor of 
was significantly hy] 


the mucous hur 


it the 
flow f 
from the plasma in 
the latter being related 
of the bicarbonate ton 
The intravenous injec 


been she wn to cause 


the rate of transfet 


the plasma 


in th 
| bicarbor ite 

— 

1 tl 
related to the rat 
i on into that 
cna 
ot radioact 
ee Kass and Green that 
ee rtonic to the plasma 
as was the case in «and to of the posterior 
Che rate [he results, therefore, indicate that the 
ne § fow of aqueous humor out of the anterior 
le unidirectional flow 

a tion of Diamowx has 

nd posterior chambers of the rabbit eve 
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Considerable work has been done during 
the past 60 years with the aim of relating 


pupillary and visual events results have 


been widely divergent, which is not surpris 
ing when we consider the differences in ex 
perimental conditions from author to author, 
and the difficulty inherent in observing an 
organ as small and as mobile as the iris. 
In the older work, some form of illumina 
tion had to be provided to allow the iris to be 
seen. Flash photography and, more recently, 
infrared photography and infrared cinema 
tography, infrared-sensitive photoelectric de 
con 


the 


vices, and the infrared-sensitive image 


verter tubes have been used to observe 


pupil in darkness. Some authors examined 


the pupillary size after adaptation to various 


lights while others drew their conclusions 
from the rate of pupillary redilatation after 
light Still 
studied 


to 


stimulus was withdrawn. 


the 


the 


others transient pupillary re 


light 


he 


or 


stimulation of 
of the 


sponses intermittent 


the dark-adapted eye, reactions 


pupil to an increment decrement of a 
given level of constant illumination, or the 
effect of changes in color or in retinal posi 
tion of the light stimulus 

Since the completion of our electron pu 
pillography,* we have been able to obtain ac 
curate, continuous traces of the pupillary di 
ameter and reactions to light or other stimuli 
in total darkness or at any level of light adap 
tation, without the time-consuming measuring 
of thousands of pupil images per experiment 
which needed in the earlier cinemato 


We 


upon a study of the relations between pupil 


was 
graphic technique therefore embarked 
lary responses and visual sensation, which 
had heretofore appeared too extensive a task 
to undertake 

As a first step in this direction, we ex 
amined the pupillary responses of the dark 
adapted eye to intermittent light stimuli of 


threshold intensity. 


these 


\ 


methods is in preparation. | 


comprehensive review various 


reason, a de 


tailed discussion of the li ture is omitted in the 


present paper 
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Mettops 


In all our experiments, the light scanning 


beam needed for pupillographic recording 


was passed through a Wratten infrared no 


S/ filter. Since our scanning beam is 


very 
small, and since it is present at any on point 


of the eye only a minute fraction of th 


time, this light could not be seen. even after 


full dark adaptation 


For stimulation, we used the Sylvania 


glow modulator tube which furnishes whit 
With a condensing lens of 31 mn 
and 31 


the 


light 


ameter mm. focal length, 


the 


plac d 


m 
It} 


tube, 
20 


m. fron mica window of 


slightly divergent beam of about mm 


diameter at the level of the subject's cornea 
was obtained. We used three different stimu 
lus durations, namely 7.5 milliseconds, 0.1 


Che 


square-wave 


shortest stimuli 


flashes, 


second, and 1.0 second. 
were elec 


100 


using 


the tube, while the longet 


aCTOSS 


ones were composed of trains of identical 


it 100 cycles per second. Such 


trains of flashes appear as a steady li 


~ 

So 


in good reading light 


amberts 


above threshold 


Protope wis nm} 
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the subject, while the tube can be run at a 
higher brightness than would be possible 
with a D.C, source 


To avoid a change in the color and time 


characteristics of the light pulses, the in 


tensity of the stimulating light was varied 
with Wrattan neutral gray filters, graded in 
logarithmic steps fron 
With the 
normal visual threshold for one 
to 


on this arbitrary 


full intensity down to 
conditions described 
above, the 
about 


trom 


ranged 
than 10 


second stimuli 


slightly lowet 
scale (fig. 1).* 
After 25 to 30 minutes of dark adaptation, 


the visual threshold of each subject was de 


termined within one log unit of stimulus in 


when stimulating 


tensity 


For exampk 
light was not seen with the 10°" filter but 10 
10 flashes with the 10 


seen we 


out of filter were 
threshold to lie 


called it 


considered 
roughly between these ilues and 


10 We 


tivity while series of 10 such threshold light 


recorded the 


then pupillary a 


stimuli were presented, with the 7.5-milli 


first, then 
1.0-sec 


rocedure was repeated 


second stimulus-seri I corded 
nd finally the 


the 0.1-second series 


ond Series Che Sain | 


at the next highest log un light intensity, 


and so forth, up to ll intensity Between 


stimulus series, periods of readaptation were 


interposed, namely two minu at the low 


levels of stimulation p to 10°) and four 


minutes at the brighter levels 


The complete series of experiments 


} Was 


+} 


done on five normal subjects, 16 to 38 vears 


of age. In an additional nin cts of vari 


ous ages, parts of the seri recorded 


were 
Further series of experi s were done on 


ind red mono 


seven subjec ts, whereby 


chromatic filters were to the stimulat 


ing ligh 


LIGHT 


REFLEX 
RESULTS 


From subject to subject, the visual thresh 
old varied slightly. While two of our chief 
subjects could just see 10 out of 10 flashes at 
10-", the remaining three could not. At the 
threshold 


pupils did not respond, but they contracted 


visual level of each subject, the 


in all cases at the next highest log unit of 
intensity. The amplitude of the threshold re 
sponses varied from subject to subject, in 
time to time, and 


the same subject from 


within the same series from reaction to re 
action, but the light increment above visual 
threshold which was needed to bring the 
pupils into play remained within one log unit 
for all normal subjects 
The first line of Figure 2 shows four nor- 
mal pupillary contractions, elicited by four 
1.0-second light stimuli two log units brighter 
(10°*) than the visual threshold of the sub- 
ject (10°"’*). But the pupil does not always 


Threshold 


to light are delicate and are easily suppressed 


respond as regularly reactions 


by interfering sensory or psychologic stimull. 
Under the influence of such interfering stim 


uli, cortico-thalamic-hypothalamic mecha 


nisms are brought into play; they affect the 


pupil, firstly, by inhibiting the oculomotor 


nucleus and secondly, by sending active 


pupillary dilator impulses to the iris via the 

cervical cord and peripheral sympathetic 

chain 
Both 


the de velopm« nt of 


these influences are detrimental to 
a contraction to light. 
For example, in Figure 3, the upper line 
shows three threshold contractions to light 
which were elicited while the subject, who 
happened to be very tired, was gradually fall- 
ing asleep. During this phase of decreasing 
contraction to 


supranuclear inhibition the 


light was enhanced and redilatation absent. 
\t the end of the third stimulus, the subject 
closed his eyes and was awakened by a 
shortly before the 


psvcho-sensory stimulus 


fourth light stimulus, During the phase of 
awakening the pupils dilated vigorously. The 


light reflex was suppressed but reappeared in 


: 
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2 (Lowenstein and Loewenfeld 


ntractions. Pupillary 


units, ind 


times outlined by 
and of low intensity 
First line (A) 

visual 


subject's 
average oft 


I] contractions 


about one 
contractions | 
beginning of the third stimulus, and 

Third line (B2) ll bel 
(10°). Two pupillary ractions 
They 


remained ineffective 


were 
fiftl by light 


ourth 


tin 


ivioT 
| 


occurred, 


more 


stimuli were sponta! novements, assoc 


its normal shape a few seconds later, in re 


sponse to the fifth light stimulus 


On the other hand, many subjects show 


spontaneous pupillary contractions, even in 
Most of these n 


involuntary eve 


wovements are 


total darkness 


associated with movements 


or blinks 


cording and an event 


Without continuous, accurate re 


marker, many of these 
spontaneous oscillations are indistinguishable 


For 


from the threshold contractions to light 
example, the second line of Figure 2 again 


shows four light stimuli, but there are five 


pupillary contractions. Upon closer examina 


tion it is evident that the third and fourth 


a light stim- 


had 


contractions were not caused by 


ulus. The third contraction already 


ili 


ot subject B 


than the visual 


Phe 


reached its peak at the beginning of the thi 


light stimulus and the fourth contraction oc 
curred between light stimuli 


In the third line of | 


igu 


and two pupillary contract 


Some observers would consi 


tion a pupillary threshold 


tractions began, however 


beginning of 


second after the 


lation and could not have be 


light at all 


features of the pupillary 


Che most striking puy 


threshold when compared to pupil 


reactions, 


lary reactions elicited by brighter light, were 


a long latency period, small extent, and short 


duration. While the normal reflex to 


90 
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a 
ir. ix ix ix 
). Reactions to light stimu thresi niensit 
liameter is plotted as the ordinate g t time ‘ 
licated | the small verti livisions at the tt t L he 
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Sia was short, so that pupillary redilatation be hefore the | t stir ‘ 
in 
nd line (Bl Pupuillar ntractions shown | secor bject. The t stir 
threshold 10 Ob the firet 
third contraction reached its pe 
iated wit voluntar blinks. Th 
der such a situa 
bright 


PUPILLARY LIGHT REFLEX 


lx lx 


— N 


ix 


4 
6 
5 
4 
3 
2 
a. 


L/ 


3 (Lowenst 


al thresl old 
During tl 


ition absent 


a verbal stimulus 
suppressed. The fiftl 


rins about 0.2 to 0.3 second after the and more extensive contraction than a bright, 


light beg 
beginning of stimulation, the latency period short stimulus. In Figure 4, (A) shows the 
of the threshold contractions ranged be short-stimulus and long-stimulus responses 
tween 0.45 and 0.6 second, that is, about at low intensity, B those at high intensity. 
twice as long.* The contractions were shallow [he short-stimulus reactions are presented 
and usually did not la 1 full second. Even by the broken lines, the long-stimulus re 
continued e of light stimula sponses by the solid lines. The long and short 
tion, the pupils | n to redilate. In other low-intensity reactions were identical. Both 
words, prolonging the mulus beyond 0.1 showed the typical long latency period, slow, 


second did not prolong the | upillary contrac inextensive contraction, and short duration 
tion of such threshold reactions: In contrast, the 


contrast to this inability to pri high-intensity reactions showed a_ shorter 


In marked 
ponse at low light intensity, a latency period, faster, more extensive con 
timulus results in a far longer traction, and a very great increase in dura 

tion and amplitude of the reaction upon 
longer stimulation 

he pupillary effects of an increase of 
stimulus duration and an increase of stimulus 
intensity are therefore different in the low 


intensity and the high-intensity range. In the 


9] 
6 — 
Si 
1 eter 1S | tted the rdimate (in ) nst time as the 
yc () ] ~<« the s ne represents the right, the broke ne the eft pupil The 
First lo Chree oht, te while the subject lually fe slee] is phase 
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Refles 


us 


Fig 


4 (Lowenstein and Loewenfeld) 
characteristics at low h lez 


intensity. Pupillary is plotted as the or 
dinate (in mm.) against time as the abscissa (1 
)).1-sec. units). The broken lines indicate the pupil 
lary responses to short light stimuli (1/10 second, 
outlined by double-arrow ) e solid lines rea 
tions to longer light stimuli (one sec., outlined by 
double-arrows 

(A) (first line): Low intensit eactions, elicited 
by light stimuli three log units brighter (10™) thar 


short 


the subject's visual threshold (10°). The 
stimulus and long-stimulus reactions were alike 
Both showed the long laten period, low peak 
speed, small extent, and short duration typical for 
low-intensity reactions 

(B) (second line): Pupillary reactions of the 
same subject to bright light (10-'). Short- and long 
stimulus reactions both showed a shorter latency 


period taster peak speed, and greater extent than 
the low-intensity responses of line A. The long 
bright stimulus caused a continued, extensive cor 
traction far greater than the one elicited by the 
short, bright stimulus 


low-intensity range, an increase in light in 
tensity causes a greater pupillary contraction 
than an increase in stimulus duration. Con 
versely, in the high-intensity range a longer, 
dimmer stimulus brings about a much longer, 
more extensive pupillary contraction than a 
shorter, brighter stimulus 
All these differences in the reflex charac 
teristics between the low-intensity and the 
responses demon 


to make blanket 


high-intensity pupillary 


strate again that it is idk 
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statements on the so-called “normal pupillary 
| ike 


response varies in amplitude, 


reflex to light all other reflexes, this 
Spec d, latenc 
period, and duration, according to the condi 
tions of the experiment. Therefore, if we 
wish to define the normal reflex shape and 
to distinguish it from the pathologic, we have 
to adhere to rigidly controlled sets of « Xp ri 
mental conditions, and we have to realize 
that any change in these conditions will caus« 
a corresponding change in the reflex pattern 

Since the threshold pupillary contractions 
in Our experiments occurred at only a single 
logarithmic step above the visual threshold, 


be 


lo further prove this assumption, 


we concluded that they must rod re 


spe mses 


we studied the pupillary threshold during 


dark adaptation 


We exposed the subjects’ eyes tor two 
minutes to bright light (25 percent of total 
intensity) and then elicited series of low 
intensity reactions after one, six, and 30 


minutes of dark adaptation. In Figure 5, the 
extent of pupillary contractions, evoked by 
stimuli of two brightness levels, aré 


The black 


a stimulus intensity of threshold 


light 


shown columns represent r 
sponst S to 
(10 
threshold of the subject), the 


100 times brighter (10-7) 


value one log unit above the visual 


gray columns 
those to stimull 
lor each series of reactions, the 10 individual 
contractions and the average of all 10 reac 
tions are shown. 

After only one minute of dark adaptation, 
the pupil failed to respond to the dimmer 
stimuli but contracted to an average of about 
0.2 mm, in response to the brighter stimuli 
(fig. 5, first line). As is usual for threshold 
reactions, the amplitude of the contractions 
varied irregularly and the first response was 
often not the largest one. 

After six minutes of dark adaptation, the 
dim stimuli had become effective ( fig. 5, sec 
ond line). The reactions averaged a little less 
than the reactions to the brighter stimuli had 
done before. The six minutes of dark adapta 


had 


thresh« by 


tion therefore lowered the pupillary 


a little less than two log units 


= 
aA 
= 
6 
st 
a B 
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An additional, great improvement was 


sminule 
brought about by further dark adaptation. 
3] lhe dim-stimulus reactions became more ex 
2} tensive than the brighter-stimulus reactions 
| had been after only six minutes of dark 
adaptation (fig. 5, third line). The pupillary 
i oe threshold had therefore been lowered again, 


average 


equivalent to somewhat more than two log 


94 
al units of stimulus intensity. This additional 
; threshold-lowering effect of prolonged dark 
7 6 minutes adaptation characterized the pupillary thresh- 
6] old contractions as rod responses. 
But what about the cones? They have their 
own pupillary threshold. Similar to the 
4) pupillary rod-threshold, the pupillary cone- 
3 threshold was found to be silghtly above the 
threshold for cone vision. Figure 6 demon- 
2) strates the extent of the pupillary contrac- 
tions of a normal subject which were elicited 
LE al by light stimuli of increasing brightness, 
ae ‘Ts average from the absolute threshold to full intensity. 


The subject’s absolute visual threshold was 
slightly lower than 10-"°, the threshold of 
photopic vision approximately at 10-°. Below 
3ominules this level of intensity, red was not seen and 


blue appeared gray 
Pupillary threshold reactions appeared at 
| 10°° and increased gradually over the next 
two logarithmic brightness steps. There was 
a sudden break in the line of increasing con 
traction extent, just above the threshold of 
photopic vision. Above this point, an increase 
of stimulus brightness in log-unit steps re 
sulted in much steeper, fairly linear steps of 
increasing contraction extent. The line flat 
; bered 1 to 10), the average of each series of 10 


mmn-> 


2 7 average reactions on the right 
First line After only one minute of darkness, 
Fig. 5 (Lowenstein and Loewenfeld). Effect of | the 10~ stimuli remained ineffective. The pupils 
dark adaptation upon the extent of low intensity contracted an average of 0.2 mm. in response to the 

ight reactions. In this experiment, series of 10 low- _ brighter stimuli (107°) 
intensity light stimuli were presented one, six, and Second line: After six minutes of dark adapta- 
30 minutes after preadaptation to bright light (25 tion, the pupils reacted to the dim stimuli. The 
percent of full intensity, two minutes). The black responses were somewhat less extensive than the 
columns indicate the extent of pupillary contractions — brighter-stimulus reactions had been after one min 

to light stimuli of threshold intensity (10~, that is, ute of darkness 

one log-unit above the subject’s visual threshold Third line: Prolonged dark adaptation brought 
}10-"*]). The gray columns show the extent of about an additional improvement of the reactions. 
contractions to light stimuli 100 times brighter The dim-stimulus series became more extensive than 
(10°). In each line, the extent of the individual — the brighter-stimulus series had been after only six 


responses of each series is shown at the left (num- minutes of dark adaptation 
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tened out when the motor capacity of the iris 


was approached (at about 3.75 mm. contrac 


tion in this subject 
When the 
plotted instead of the 


the was 
the 


break at the photopic brightness threshold 


duration of responses 


extent (hg. 7), 
was even more pronounced. Below this level 
of intensity, all stimuli had about the same 
duration. In contrast, the latency period de- 
clined steadily from threshold to maximal 
stimulus intensity 

While all our subjects showed this sudden 
increase in the pupillary effect of light bright 
enough for color vision, the relative extents 
of the low-intensity and high-intensity reac 
individuals. In 


tions varied greatly among 


these variations, we found the deciding fac- 


tor to be the degree of supranuclear inhibi- 
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tors which reduce the degree of central in 
hibition, such as fatigue of the individual or 


bac k 


the presence ofa constant, low level of 
ground illumination, tend to improve the low 
intensity light reflexes in subjects with strong 
central inhibition while they depress the r 
sponses in subjects with weak central inhibi 
tion 

Figure 8 serves to demonstrate these facts 
Che 


obtained from a normal young woman of 24 


curves with dots and solid lines were 


(same subject 6 and 


A 


extent of contractions evoked by light stimuli 


years of age as in hgs 


7). Figure 8A shows, again, the increasing 


of increasing brightness. In Figure 8-B, the 


solid line shows the same subject’s first, sec 


ond, and ninth pupillary reflexes, elicited by 


a series of bright light stimuli (25 percent of 


tion present at the moment of stimulation full intensity and one second duration) 
(see above ) Previous work has established this reflex 
In earlier work® we demonstrated that sub form as normal, under the conditions of the 
jects with increased supranuclear inhibition experiment 
show less extensive reactions to weak light ¥ 
‘or recent st es of pupillogray esults 
stimuli than subjects with relatively weak pertaining the statements 
central inhibitory activity. Conversely, fac see" * 
37s 
. 
so 
2s 
300) 
4 so 
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Fig. 6 (Lowenstein and Loewenfeld). Extent pupillary ntractions, elicited ight stimu 
ne-second duration and of increasing intensity. The extent of pupillary contractions is plotted as the 
rdinate (in mm.) against stimulus intensity as the abscissa (in log units of brightness, with 100 percent 


full intensity of light source). The 
threshold of the 


Pupillary 


+} 


visual subject. the er: area the 
the 
larger. Within 


gradual, but at 


contractions grew 


reactions first appeared at 


the pupillary contractions became 
in extensiveness 
The 


when the 


Was very 


the line extent of pupillary 


out motor capacity o! 


range ot 
brightness level of 
the 


the iris was approached (at about 3.75 mm. of 


black area on the abscissa indicates values below the ibsolute 


vision 
Witl 


ghtness rat 


scotopi 
10 
scotopic bri 
the photopi 
rapidly, 


stimulus intensity 


increasing 


ge (up to about 10°), thi 


level, a sudden break was ob 


in tatrly linear steps, until the line flatt 


contraction in thi ul 
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In contrast to the rather placid tempera 
ment of this subject, our second normal sub 
ject (crosses and broken lines) was a tense, 
excitable young woman 22 years of age. She 
was often emotionally agitated and felt ir 
ritable and restless for days, without appar 


When 


creased heart rate, her hands trembled, and 


ent cause. excited, she had an in 
she felt shaky. The pupillogram of Figure 
8-B shows the relatively large initial diameter 
of the pupil in darkness and the slightly in 
hibited contractions to light, compared to the 
first subject, which are usually found in such 
subjects. Figure 8-A demonstrates that this 
subject’s contractions to low intensity light 
stimuli were less extensive than those of the 
first subject, and more light was needed to 
reach full contraction 

Che third subject of Figure 8 (dotted lines 
and squares) was a patient with a dienceph- 
alic lesion which interrupted the inhibitory 
path from the interbrain to the oculomotor 
nucleus. Clinically, the patient was suffering 
from essential hypertension and paroxysmal 
Che 8 B) 


shows the small initial pupillary diameter in 


tachycardia pupillogram ( fig. 
darkness, the fast, squareshaped “tonohaptic” 
light reflexes, and the uniformity of the re 
flexes, which are typical for cases with dam 
age to the supranuclear inhibitory system. 
lhe visual and pupillary thresholds of this 


about one log unit higher than 


> 


patient were 
those of the normal subjects. This fact may 
be explained in part by the smaller pupil 
which admitted only about one half as much 
light as the normal pupil, and partly by the 
patient’s age (71 years) and condition 

Che patient’s threshold light reflexes were 
as extensive as those of the normal subjects, 
but the maximal contractions were less ex 
tensive, mainly owing to the small initial di 
ameter of the pupil 
1.000 of the 


needed to reach the maximal pupillary effect. 


In addition, only | 


available light intensity was 
he span between pupillary threshold and 
maximal pupillary effect was therefore only 
five log units when the supranuclear inhibi 


tion was missing, while it was seven log units 
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Fig. 7 (Lowenstein and Loewenfeld). Latency 


period and duration of contractions to light, elt ited 


by stimui of one second-duration and increasing 
intensity. Latency period (B) and duration of con 
traction (A) were plotted as the ordinate (in 
seconds) against stimulus intensity as the abscissa 


with 100 


source ) 


units of percent the 
The black 


area on the abscissa indicates light below the abso 
hreshold of the 


(in log intensity, 


full brightness of the light 


subjec t, the gray 


lute visual area 


the range ot vision 

(A) The 
from the 
of pupillary 


optopi 


duration of contraction was measured 


beginning of the stimulus to the beginning 
redilatation. In the intensity 


short and of uniform dura 


scotopK 
range, all reactions were 
When the stimulus intensity exceeded 10™, the 
contractions lasted longer. This increase in duration 
appeared suddenly, with further prolongation until 
a maximal duration for the sul 

(B) 


of increasing 


tion 


ject was approached 
In contrast to the sudden break in the lines 


duration and extent of the contrac 


trons (cf \ and fig Oy, the latency period was 
found to decline gradually from threshold light 
intensity to a minimal value (about 0.27 sec. in this 
subject ) 


in the well-balanced normal and eight log 
units in the hypere xcitable normal subject. 

lo test our assumption that the sudden in 
crease in duration and amplitude of the pupil 
lary reactions to light stimuli above the 
photopic brightness level was due to the ad 
dition of the cone system and not to some 
quantitative factor more central in the reflex 
arc, we added colored filters to our stimulat 
ing light 

In Figure 9, the dots and solid line again 
represent the reactions to white light. When 
a monochromatic blue filter was interposed, 


the visual and pupillary sensitivity dropped 


— 
- | 
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pupil contraction in mm —> 


10% jo? ios 10% 10% 100% 


light intensity in log untls —> 


mm pupil diameter 


Time in O/ second — 


Reactions 


supranuclear inhibition 


Fig. 8 (Lowenstein and Loewenfeld) 


with different degrees 


plotted as the ordinate (in mm.) against stimulus intensity as the abscissa (in log units of brig 


The dots and solid line represent the values of 
ind broken line those of 


crosses 


tion, and the squares and dotted line those of a patient with 
Che black area on the abscissa indicates values below the 


a normal subject 


ight stemuli of increasing intensity in three su 


First lime (A): The extent of pupillary contractions 1s 


ghtness) 


(same as used for figs. 6 and 7), the 


1 second normal subject with functionally increased supranuclear inhibi 


damage to the supranuclear inhibitory system 
visual threshold of the normal subjects, the 


shaded area values below the visual threshold of the patient 


Second line (B) 
elicited by bright light | 
in initial pupillary diameter in darkness, and the 
(further explanation in the text) 


about one logarithmic step, because the filter 


absorbed considerable energy But otherw ise, 


the blue-light and white-light functions were 
quite alike (crosses and broken line). This 
was not the case when a red filter was added 


(squares and dotted line): The pupillary 


theshold was raised to a little less than one 
log unit above that of photopic vision. In 
and white-light 


contrast to the blue-light 


The first, second, and ninth of series of light reflexes of the same 
25 percent of full intensity, one second) 
speed, extent, shape, and uniformity of the 


three subjects, 
The curves demonstrate the differences 


reactions 


functions, the red-light function rose sharply, 
in large steps, and did not show the initially 
small increase or the sudden break in the 
line of increasing contraction extent. 

We conclude that both rods and cones fur 
nish afferent impulses for the pupillary re 
cone 


flex to light vision, the 


function and the rod function have 


Just as for 
St parate 


thresholds. The cones, though less sensitive, 
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Fig. 9 (Lowenstein and Loewenfeld). Extent of 
tht stimuli of one-second duration and of tmcrea 
plotted as the ordinate (in mm.) against stimulus 
The black area on the abscissa indicates values be 
range of scotopic vision. To match the brightness 
experiment (by the flicker fusion method), an ad 


licited by white, blue, and red 


The extent of pupillary contractions is 


mitractions, 


puptiiary 
sing mtensity 
intensity as the abscissa (in log units of brightness) 
low visual threshold of the subject, the gray area the 
of the blue and red monochromatic filters used in this 


ditional 32.5 percent neutral gray filter was added to 


the red filter 

Solid line and dots: Curve for white light (cf. fig. 6) 

Broken line and cross Curve for blue light. Due to the absorption of energy by the blue filter, the 
curve was shifted one log unit to the right. Otherwise, the white-light and blue-light curves were very 
similar 

Dotted line and squar Curve for red light. Pupillary contractions did not appear until a brightness 
level slightly above the photopic visual threshold was reached. In contrast to the blue-light and white-light 
curves, the extent of contraction to red light increased sharply, in large steps. The gradual increase for 
the first three log units of intensity, and the sudden break in the line were missing 


~ 


are more effective than the rods in producin 

a fast and prolonged pupillary response. 
The present findings are only a small step 

into the vast field of possible investigations 


the small number 


of this kind. Because of 

of subjects used in this study, and the lack 
of refinement of our stimulus conditions as 
to intensity and retinal area, no quantitative 


| he re 
ap 


paratus is sufficiently sensitive to make it a 


accuracy ts claimed in these respects 


sults prove, however, that the pupillary 


useful indicator of retinal function. In addi 


tion, the pupillary reactions have the advan 
tage of being quantitatively objective. We 
would like to stress, however, that in view of 
the delicacy of the responses, and the fre 
quent occurrence of spontaneous pupillary 
oscillations, accurate, continuous registration 
and an event marker are, in our opinion, ab 
Without them, we in 


solutely essential are 


of substituting the experimenter’s 


for the 


danget 
subjective threshold of observation 
objective event, 
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EXPERIMENTAL PRODUCTION OF OCULAR TUMORS 


ARNALL Patz. M.D.. Lypra B. Wutrr, M.S... AND Sara W. RocGers 
Baltimore, Maryland 


INTRODUCTION were treated with 20-methylcholanthrene in 
. various ways 
Seligman, et al. ( 1939"), produced the first - .. 


L.INJECTION IN SITU ( ax, 
experimental brain tumors by the intracere \. A/Ja 


S “C1 ret o. 2 eet s of short 
bral implantation of methylcholanthrene pel pecially prepared no. 24 needle i sh 


of bevel and with fitted stylet were packed with 
technique were adapted to the mouse eye in methylcholanthren (he reaftet M¢ \) by 
an attempt to produce retinal tumors which PTSS5'™8 the tip of the needle forcibly into = 
might then be subjected to hyperoxia experi pool of MC A crystals in a parainn blox 7 
ments. Tumors of most ocular structures, {8- 1). The needle was wiped free of 
with the notable exception of the retina, were fluorescing material and inserted directly into 
produced in this pilot study. One interesting the anterior chamber through the cornea or 
observation, the downgrowth of surface epi into the posterior segment via a pune apt _ 
thelium through a small limbal punctere 9 '™™ posterior to the limbus ; the “pellet” was 
ejected by pressing and locki the stylet, 


ng 


and the needle withdrawn (fig. 2). Injections 


wound to line the anterior chamber follow 


ing methylcholanthrene implantation, has al 
} ; were done in ultraviolet light ( Woods lamp) 
ready been reporte The various ocular 


and placement of the pellet in either local 
tumors that were produced are presented 
was readily visualized No effort was made to 
SuRTECTS AND METHODS insure quantitative uniformity of the “pel 


let,” but only injections in which the fluo 
eves of young mice of C] \, \ Jax, 


C.H (NIH), and C,H (Cumberland Farms) 


rescence was observed to covet it least a 
quarter of the segment injected were con 


sidered successful 


* Fr tl ilmer Ophthalmological Institute : 7 
Fron e W x I soLog ica Insti Some of the animals were first denuded 
f The Johns Hopkins Hospit ind Universit) 3 
These studies were aided in part by a grant fror of surface epithelium to an area X3 the size 
the National Institute of Neurological Diseases of the puncture wound by ser iping or (1n 
>] ‘ tel 
nd Blindness, Natio stitutes of altl . 
t Blindness, ional ft Heal Pre the region of the conjunctiva) cutting away 
sented in part before the Association for Resear« 
i Ophtl ilmologw, | tern Section meeting lan the epithelium and washing the area with 


18, 1958. Bethesda. Marvland two swabbings of 70 percent alcohol. Inje« 
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Wulff, and Rogers). Methods of preparing methylcholanthrene for introduction into the 


eye. (a) The dr ystals are packed into the end of hypodermic needle. (b) The molten methylcholan 

threne fills the lumen of the hypodermic needle. (c) Atraumatic needle and silk suture are immersed in 
ten soluti f MCA estero 

tion then followed in the manner outlined — technique coupled with two exposures to 


above. Controls were “injected” with a clean X rays, each of 200 r (200 r skin dose by 
needle of identical size 140 KVP, 15 ma. 3.02 min., at 70 cm. with 
The right cornea of each of 12 animals _ no filter). The exposures were limited to the 
was scraped of epithe lum and MCA applied head and were spaced seven days apart with 
to the abraded area. The lids were sutured the carcinogen injected either (a) three or 
shut four days before the first exposure, (b) be 
tween the exposures, or (c) two to four days 

2. IRRADIATION AND INJECTION (A/Jax) following the final irradiation. Controls for 
Another series of animals five to eight this group were not operated but were given 
ited with the injection 400 to 600 r under the same protocol ( fig, 3). 


wee ks old were Opn 


SITES OF IMPLANTATION OF MCA 


ducing methylcholan 


ran showings ethods ot mtre 
threne into the eve with a hypodermic needle. (a) Packed crystals are injected into the anterior chamber 


(b) Needle is introduce i into the vitreous. { ) Lorneal epithe 1m 1s abrade l, M¢ \ applied, and lids are 


= 
Paraffin —— 
A B . 
Fig. 1 (Patz, 

LFS 
\ | 4 \ 
A B Cc 
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Fig. 3 (Patz, Wulff 
container 


posed to X-radiatior 


Rogers). Lead shielded 


protects body of mice while head is ex 


One group of animals operated five to six 
months previously and showing some intra 
ocular changes that were not progressive in 
a three-month period were also irradiated 


as above 
3. SUBCUTANEOUS IMPLANTS (C,-. A. A 
Jax, CF, ) 
Whole eyes, uvea, or retina were apposed 
to fused MCA crystals and placed subcutane 


Fig. 4 (Patz, Wulff, and Rog / 
Schematic position of MCA HI 


ers ) 
impre gnated suture introduced int { 
the anterior chamber and throug 


vitreous 


B. WULFF 


AND SARA W 


ROGERS 


ously in groin or axilla. The donor animal 
was also recipient 

After making an incision in the abdominal 
wall large enough to accommodate a fine 
forceps the eye was excised or dissected, 
MCA placed in the organ, the implant then 
located subcutaneously with smooth forceps, 
and the wall sutured. Implants in newborns 
were placed in the scruff of the neck 

Efforts to locate and fix tissue in the an 
terior chamber of the mous« eve were nota 
bly unsuccessful 
of 19 


day fetuses, newborn, and mature mice wer« 


Retinas dissected from the eves 


cultured in vitro as viability controls for the 
mechanics of the implant experiment. Whok 


eyes and were also planted sub 


segments 


cutaneously without MCA as controls 


4. SUTURE IMPLANTATION (C,H) 


Sutures impregnated with 20-methy! 


cholanthrene and cholesterol were drawn 


through and fixed within anterior cham 
(including iris margin), posterior 


harderian gland or sclera of C,H mice of 


both sexes, six to eight weeks old (fig. 4) 
Forty-one infant C,H mice were operated 
similarly, but the suture of necessity was 
located less specifically and the entire deep 


orbital contents were included in the suture 


bed. 
Preparation of the silk 


suture. 6-0 black 


atraumatic needles were first 


When the 


had evaporated the sutures were placed in a 


sutures with 


soaked in chloroform chloroforn 


20-methylcholanthrene 


molten mixture of 


/ RN \\ 
/ \ \\ / 
\ 
€ 
A B 
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Fig. 5 (Patz, Wulff, and Rogers) 
Arrow points to squamous cell cat 
\ one-mm. piece 
Animal 79-2 
was transplanted subcutaneously one 
mont! 


cinoma transplant 
of tumor from eye of 


prior to photograp! 


and cholesterol, 1:3. After five minutes the 
sutures were withdrawn and straightened to 
dry. Needles were cleaned of crystalline de 
posit by dipping in chloroform. Large de 
posits of the yellow mixture could readily be 
seen along parts of the suture in ordinary 
light. Ultraviolet 


white lamp eXamination 


(x ds lamp ) shows d fine, even deposition 
the length of the suture 
Operating procedure. The animals were 
immobilized manually and the eye proptosed 
The globe was fixed with forceps and the 
operator threaded the suture in_ position, 
clipped each end close to the point of penetra 
tion, and the adnexa were cleaned of any 
scattered crystals with a moistened swab, In 
many instances an area of suture containing 
a large precipitate of carcinogen was intro 
duced. 
Transplants. Seven of the eyes that pre 
sented gross enlargement in some part of the 
organ within the experimental period were 
Sections of the were 


transplanted growth 


taken when it had seemed to reach the maxi 


mum possible size without rupturing the 


globe and transplanted. For this transplant 
the donor animal was anesthetized by sodium 
pentobarbitol intraperitoneally. Recipient an 
imals, 14 to 30 days old, were not anesthe 
tized nor pretreated in any way. Transplants 
were made subcutaneously over the right 
shoulder or into the 


The sc 


right groin. 


transplants that showed active 
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growth were followed periodically and when 
their growth reached about one cm. in di 
ameter the capsule was opened and sections 
of the tumor were taken for histologic study 
for transplanting a second time (fig. 5). 
Animals that had not been killed earlier 
because of gross ocular defects or Ss) stemic 
ailments were killed 6.0 to 10.5 months post 
operatively and the heads and other organs 
abnormal fixed in 


Serial 


which appeared were 


Bouin's solution sections of the an 
terior cranium were cut at 6.0 microns and 
stained routinely with hematoxylin-eosin. 
Special stains were employed when abnor 


malities were detected in histologic study. 
RESULTS 


\. GENERAL OBSERVATIONS 


Within the first 48 hours all the operated 
animals showed a varying degree of conjunc 
tival hyperemia and swelling of the lids. In 
the majority of the animals injected with 
either packed MCA crystals or pellets this 
conjunctival hyperemia persisted for about 
seven days, then gradually cleared. In the 
suture operated eyes the reaction was more 
severe and infection more frequent. In ap 
proximately one fifth of the eyes injected 
with plain crystals, the inflammatory reaction 
increased, the cornea became diffusely cloudy, 
and the reaction progressed to early phthisis 
bulbi at the end of the second week. Phthisis 


bulbi occurred in about one-half of the suture 


we 
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TABLE 


PARLE OF OPERATIVI 


> str 
Procedure 


Chamber 


Ao 


nyectior 


Ct 6 
( 3 
Controls A J, Ci 
Injection X ra \/lax 38 
Controls \/Jax 
Implants 
CF, 
Controls ( \/Jax 
Suture C,H (NIH 14 
C,H (CI 
( trols C,H (CI 8 
Suture ewbor C,H (NIH 
These eves were aed te re 


yperations Che operate d eves that withstood 


the operation and did not go to phthisis re 


Sec ond 


+? 


mained essentially quiescent after the 


week, at which time there was usually some 
legree of cataract formation visible. Even in 
those eves that subsequently developed 
tumors, little change was observed from the 


second week ibs ut thre nonths 
operation When the 
a Woods fluorescent ight it was noted 


\-cryst 


up to two 


eXamine dd 


eves 


under 
that the 


tive fluorescencs 


ils frequently showed ac 


ynths after op 


eration. However, residual fluorescence fron 
the crvstals could not be detected after this 


period 
In histologic examination of the eyes that 


ors there was 


did not deve lop malignant tun 


ROGERS 


AND SARA 


PROCEDURES 


Number of Eves 


Posterior 
traocul: Corn Others 
Segment Extraocular ornea r 
66" 
38 
34° 6 
0 6 
”? 
18 
44 
4 
i? 
38 
6 12 16 
i. scieTa 
6 
+1 
vidence ot chron inflan matorv react 
with varying legree s of necrotiK and pl 1¢ 


In some of the more severely in 


( hang 


volved eves the retina and uvea wert 


tissue. In 


fibrous 


others there were only mild atrophic and 


genera 


natory changes 1n tl 


\ was implanted W here 


} 


chronic inflam 
irea where the M‘ 


structures 


marked necrosis of adjacent 


curred it was interesting to note that the pig 


ment epithelium frequently persisted 


distinct laver of cells. In some instances the 


thelium lined filled 
Varyin 
noter 


This, 


anticipated in view of the re latively large s 


pigment e] Spaces 
with blood or exudate g degrees of 


cataractous changes wert in the ma 


iority of operated eyes however was 


1Z¢ 


— 
A 26 
\/ Jax 34 
- 
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W ulff, and 


intraocular structures. (1 


atz ross section ot 


lens, I-iris 


lens which fills the 


This 


tized at the time of operatic 


the 


of the globe 


trauma 


bulk of 


(hg. 6) was inadvertently 


mn 
No ocular tumors developed in any of the 
Most of 


] showed only 


controls to these four experiments 


Experim 


the controls from 


nt 
through the 
1] 


needle penetration which 


a limbal scar or scat 


post ror 
segment of 
be 


sional eye 


the 


at site 


could located in serial section, An occa 


showed detachment and gliosis of 


Some of the als showed small 


The 


for 


tina anin 


zones ye cataractous changes in the lens 


X-ray 
mation histologically but were 
Phe 


planted subcutaneously could 


control animals showed cataract 


otherwise nor 


mal, control retinas that were trans 


not be located 


in serial section and no tumors developed in 


the MCA treated retinas that were trans 

planted 

B. HISTOLOGIC DETAILS OF INDUCED TUMORS 
1. Corneal epithelial tumor (Animal No 

20-6). The tumor originates in the corneal 
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normal 


R 
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of: 


Note 


irderian gland, C—cornea. ) 


mouse eye 


H-h: 


relative 


retina, 


epithelium and infiltrates the entire thickness 
of the Mit 


there chron 


and 
the 


cornea oses 


numerous 
cells 


Che cells show prominent 


aTe 


are inflammatory at 


base of the tumor 
ind a mod 


r the 


nucleoli, some hyperchromatism, 
erate degree of pleomorphism. Nea 
the 


sul 


face of tumor cells take a more 


eosinophilic stain and have lost nuclear detail 


to resemble slightly the epithelial pearl < 


pearance characteristic of squamous cell 


How 


since pearl formations indicate a 


carcinoma. No typical pearls at 


e seen. 


ever, cel 


tain degree of epithelial differentiation they 


malignant 


( fis 


/ 


are not usually seen* in a highly 


rapidly growing tumor of 
and 8) 


HISTOPATHOLOGI 


this type 


IMPRESSION quam 


ous-cell carcinoma, Grade III, of the corneal 
epithelium. 

2. Conjunctival epithelial tumors (Ani 
mals No. 79-2, 74-5, 73-3, 12465). In all of 


these specimens the conjunctival tumors in 


vaded the globe and in most cases filled the 


= 
4 
Fic 6 ( size of bens 
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INDUCED TUMORS 


TABLE OF 


Animal Classification 


Strain 
20-6 Squamous cell carcinoma of cor- 
nea 


Squamous cell carcinoma of con- 
jyunctiva 


Squamous cell carcinoma of con- 
junctiva 


Squamous cell carcinoma of con- 
junctiva 
Squamous cell carcinoma of con- 
junctiva 


Squamous cell carcinoma devel- 
oping in epithelial downgrowth 
13482 Squamous-ce ll carcinoma devel- 
oping in epithelial downgrowth 
13463 harderian 


Adenocarcinoma of 


gland 


Adenocar: 


gland 


inoma of harderian 
of harderian 


iris unclas 


unctas- 


melanoma of choroid 
melanoma of choroid 
nelanoma of choroid 


1 of orbit 


Their histologic appearance 
The ce Ils 


and 


greater portion 


s essentially similar 
cell in 


appearance the cytoplasm is 


In some areas the cells have lost 


detail 


icidophili 


their nuclear and abortive epithelial 


pearl formation is noted. Mitoses are numer 


Che tumors are relatively 


ous well differen 


tiated and show only mild pleomorphism 


There is a mild chronic inflammatory reac 


B. WULFF 


tion about th 


are prickle Y, 


mous-cell carcinomas, 


3. Tum 


imals 


AND SARA W 


ROGERS 


Procedure 


MCA applied to cornea and lids sutured 


6-0 suture with 25 percent MCA in cholesterol 


posterior segment 


6-0 suture with 25 percent MCA in cholesterol in 
posterior segment. Repeated 54 months later 


MCA injected in anterior chamber 


6-0 suture with 10 percent MCA in cholesterol in 
posterior segment 


MCA injected in anterior chamber 


MCA injected in anterior chamber 


MCA injected in posterior segment 


6-0 suture with 10 percent MCA—cholesterol 


through posterior segment 


6-0 suture with 10 percent MCA—cholestero 


through posterior segment 


lowed by 200 


MCA injected anterior chamber f« 
r X rays two times 


MCA injected one mm. postlimba! 


MCA crystals injected anterior chamber 


cholesterol 


nths later 


6-0 suture with 10 percent MCA 


posterior segment. Repeated 5} n 


6-0 suture with 10 percent MCA in cholesterol 1 


px ysterior segment 


6-0 suture with 10 percent MCA in cholester 


posterior segment 


MCA crystals in posterior segment 


tumors (hgs 


surface of the 
10, and 11) 
HisTOPATHOLOGI IMPRESSION 


Grades I] 


conjunctival epithelium with invasion of the 


gl ybe 


wngrowths (An 


rs in epithelial d 


No 13482. 13485) The development 


of squamous-cell carcinoma in downgrowth 


104 
2 
79-2 C,H (CF 
13451 \ (Md eee 
72-6 C,H (NIH 
73-4 | C,H (NIH) | Adenocar 
gland 
48-2 \/Jax Malignant tumor of 
sihed 
12-11 | CF Malignant tumor of iris 
sihed 
20-x \/Jax Malignant tumor of iris unclas ee 
sified 
74-2 C,H (NIH Malignant 
72-4 C,H (NIH Malignant 
73-6 C,H (NIH) | Malignant C(t 
12-4 | A/Jax 
th: 
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rABLE 3 


TABLE OF 


lime (mo. 
operation to 
transplant) 


Site of 
Suture 


Animal 


Fundus 34 Ye 


Fundus Ye 


Fundus Ye 
Fundus Ye 


Fundus No 


Fundus Ye 
Fundus Ye 


rransplant 


TRANSPLANTED TUMORS 


2nd 
rransplant 


lake 


Description 


Yes Yes 


Squamous-cell carci- 
noma of conjunctiva 


No Squamous-cell carci- 
noma of conjunctiva 


Melane yma ol « horoid 


Harderian gland ad- 
enocarcinoma 


No Squamous-cell carci- 
noma of conjunctiva 


No Melanoma of choroid 


No Melanoma of choroid 


Chese animals were operated twice, the first suture being placed seven months prior to appearance of the 


tumor and the second operation two months previously. 


of surface epithelium into the anterior cham 


ber occurred in two eyes. These showed a 


relatively low grade of malignancy and were 


all essentially similar Dense sheets of a 


keratinlike mass are abundant in and about 


the tumor cells. The cytoplasm is granular 
and many of the cells are eosinophilic and 
have the prickle cell ippearance character 
istic of squamous-cell carcinoma. Occasional 
(hg 12) 


m:toses are present 


Fig. 7 (Patz, Wulff, and Rog 
Arrow points to squamous cell cat 
cinoma of cornea infiltrating corneal 
stroma (L cataractous lens, 
X36, Animal 


( Hematoxylin-eosin 
20-6. ) 


HISTOPATHOLOGK IMPRESSION Squa 


mous-cell carcinomas, Grade I, developing 
in surface epithelial downgrowth into the 
anterior chamber 

4. Harderian gland tumors (Animals No. 
13463, 73-4, 72-6, and 13482). The adenocar- 
cinomas of the harderian gland are all simi 
lar and show a typical abortive glandular ap 
pearance. In some of the tumors large hemor 


rhages were found. Nuclear hyperchroma 
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Fig. 8 ( Patz, Wulff, and Rogers) 
High-power view of corneal tumor 
Figure 7. Arrows poirt to mi 

figures. Note pleomorphis: 
and moderate degree of anaplasia 
( Hematoxylin-eosin X500, Anima 


20-6.) 


tism and prominent nucleoli are present as PATHOLOGIC IMPRESSION Adeno 
well as numerous mitoses in all of th ircinoma of harderian gland 


tumors. In some areas of 1 tumors the is tumors (Animal No. 48-2, 12-11, 


alveoli contain an amorphous hyaline-like and 20-x). The three iris tumors closely re 


coagulum (figs. 13 and 14) mble each other and show essentially the 


Fig. 9 (Patz, Wulff, and Re 
Squamous-cell carcinoma 
entire globe and invading 
serial sections tumor found te 
nate trom conjunctival epitheliun 
Arrows delineate tumor extension 
( Hematoxylin-eosin X30 Anu 


79-2.) 
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Wulff, and Rogers). High-power 
Figure 9. Not 


ot anaplasia and hyper« 


Fig. 10 
view of tumor degree 


\rrows 


moderate 
nuclei 
point to cells witl wrickle-cell characteristics 


( Hematoxyl ) \ | 79-2.) 


The 


the entire thick 


same cellular architecture cells are 


densely packed and infiltrat 
ness of the iris. Th a fine network of 
vessels on the anterior surface of the tumors. 
The cells are relatively uniform in appear 


ance. The cell walls are indistinct. Some cells 


show hyperchromatic nuclei and prominent 
slightly ovoid for 


nucleoli. The nuclei ars 
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Rogers ) section 


Fig. 11 (Patz, Wulff, and 
through area of transplanted tumor seen in Figures 
5 and 10. Note similarity to original tumor. K-kera 
tin like material being deposited in tumor. (Hema- 


toxylin-eosin X500, Animal 79-2 transplant 1.) 


the most part. There is a fine reticulum 


sparsely spread out in the deeper portions of 


the tumor near the posterior part of the iris. 


\lthough these tumors closely resemble 


human malignant melanoma of the iris they 
are not identical histologically to any spe 


cific type of human melanoma. The tumors 


ill developed in albino mice. No pigment is 


Fig 12 (Patz Wulff, ind 
Rowers ) \-operated eye where 
I ypode rmic needle containing pellet 
was introduced through limbus int« 
Surtace epi 


interior hamber 


il imvasion « the anterior 


nber occurred and low grade 
cell carcinoma 1S devel 

own epithelium, Arrow 
of early 


squamous 
ircinoma formation, K 


Kera 
nlike sheets piled up adjacent t 
(Hema 
13485 


epithelium 


X50, Animal 


proliferating 


toxvlin-eosi 
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Adenocar 
Note glandular arrange 


Fig. 13 (Patz, Wulff, and 
cinoma of harderian gland 
ment of tumor and large area of 
lum in tumor 


13463151.) 


Ri mwers ) 


amorphous coagu 


( Hematoxylin-eosin X50, Animal 
present in these tumors (figs. 15 and 16). 
Malig 
nant tumors of the iris, type as yet unclassi- 
hed. 


HISTOPATHOLOGIC IMPRESSION 


Fig. 14 
Rogers) 
carcinoma im 


Wulff, and 
Higher power of 
Figure 13 

point to miutotic 


( Patz, 
adeno 
Arrows 
figures. C-amor 
phous coagulum in lumen of gland 
Note typical glandular arrangement 
of tumor. ( Hematoxylin-eosin 
X500, Animal 13463-51.) 
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6. Choroidal tumors (Animals No. 74-2, 
72-4 and 73-6). The three choroidal tumors 
which are classified as probable malignant 
melanomas have slight variations in histo 
logic detail and are described individually 
The choroidal tumors all developed in C,H 
mice, a moderately pigmented strain. 

A. Animal 74-2. The tumor has filled the 
entire globe. Only small remnants of lens 
cortex are seen in serial sections and the lens 
capsule is folded and surrounded by tumor. 
The corneal stroma is infiltrated with tumor 
and chronic inflammatory cells. The corneal 
epithelium is absent centrally and has under 
gone hyperplasia peripherally. The iris and 
ciliary body are atrophic and are densely 
infiltrated with tumor cells. The retina has 
degenerated except for a few small segments 
sections. The 
The 


is intact except posteriorly where in serial 


that are detected in serial 


choroid is infiltrated with tumor sclera 


section the apparent site of rupture of the 


globe with spread of tumor into the orbit 


is seen. There is diffuse infiltration of the 


entire orbit with tumor which invades the 


harderian gland and extraocular muscles 
The tumor mass is densely packed with 
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Fig 15 (Patz, Wulff, and 
Rogers). Section of anterior cham- 
ber of eye where MCA pellet was 
introduced into anterior chamber on 
surface of iris and animal subse- 
Note diffuse in 
with 


quently irradiated 
vasion of entire iris stroma 
tumor cells. C 
capsule. (Hematoxylin-eosin 


Animal 48-2-12.) 


cornea, I-iris, L 
lens 


X150, 


Fig. 16 (Patz, Wulff, and Rogers). High-power 
view of Figure 15 showing tumor cells infiltrating 
entire iris structure. L—lens capsule. (Hematoxylin 


eosin X500, Animal 48-2-12.) 


tumor cells and chronic inflammatory cells 


consisting of lymphocytes and plasma cells. 


The tumor is relatively avascular with a few 


fine vessels noted throughout the tumor. 


There are no areas of necrosis within the 
tumor proper. There is a fine sparse reticular 


Wilders 


stain. The tumor cells are round or 


network best seen with reticulum 


ovoid 
with moderate variation in size and shape. 
There are occasional multinucleated and 
bizarre cell forms. The nuclei are large and 


The 


homogenous, and 


round and prominently nucleolated. 


cytoplasm is abundant, 
acidophilic. There are scattered clumps of 
pigment apparently carried into the tumor 
from degenerated melanocytes of the iris 
and choroid in the immediate uveal area. 
There are, in addition, several areas near the 
center of the tumor and in the orbital portion 
which are well away from uveal tissue where 
fine pigment granules have apparently been 
liberated by the tumor cells themselves. In 
one area of the choroid the tumor cells take 


a definite spindle form. Mitoses are numer- 
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ous. In serial sections the remains of the silk 


suture can be traced through the posterior 


segment and passing through the choroid. 
The exact site of origin of the tumor along 
the suture tract could not be determined ( figs. 
17, 18, and 19). 
HISTOPATHOLOGIC IMPRESSION: Malignant 
melanoma, epitheloid type, apparently origi 
nating from choroid with rupture of globe 
and invasion of orbit 
B. Animal 72-4 


terior segment and has spread in the region 


Che tumor fills the pos 


of the optic nerve through the sclera to fill 


Fig. 18 (Patz, 
ers). High-power 


Wulff, and Rog 
view of tumor 
shown in Figure 17. Arrows point 
to several epithelioid-like cells 
oval nuclei witl 
nucleoli and 
toplasm. Note anaplasia 
( Hematoxylin-eosin, X500, Animal 


74-2.) 


showing large 


prominent scanty 


marked 


LFF AND SARA W 


ROGERS 


Fig 17 


Rogers ) 


Wulff, and 
Low-power view of tu 
apparently 


( Patz, 
mor originating in 
choroid having erupted through the 
filling entire orbit dis- 
Ch-—choroid, H 

Arrows show tumor 
(Hen 

74-2.) 


globe and 
placing globe 
harderin gland 
extension into entire orbit 


X36, Animal 


atoxylin-eosin, 


orbit. The muscle 


fibers are separated by tumor cells 


extraocular 
The globe 


is markedly proptosed. The cornea ts atrophic 


the entire 


and centrally there is an area of apparently 
recent perforation. This zone of the cornea 
and the entire anterior chamber is filled with 
polymorphonuclear leukocytes. There is old 
chamber with 


hemorrhage in the anterior 


many hemosiderin pigment laden macro- 
phages present. The iris and ciliary body aré 
atrophic and densely infiltrated with tumor 
cells. The lens capsule is intact except for 


one area posteriorly where tumor cells pene 


\ 
Ch 
le 


Fig. 19 (Patz, Wulff, and Rogers). Section of 


human malignant melanoma of choroid, epithelioid 
type. Note similarity to animal tumor in Figure 18 


Arrows point to several cells showing large oval 


nuclei, prominent nucleoli, and scanty cytoplasm 
Note similarity to mouse tumor in Figure 18 
( Hematoxylin-eosin, X 500.) 


trate it for a short distance. The lens cortex 
has disappeared and is replaced by a COag- 
ulum of polymorphonuclear leukocytes, 
hemosiderin laden phagocytes, and an amor- 
phous eosinophilic material. The lens nucleus 
is normal in appearance, but displaced. The 
choroid is infiltrated with tumor and the 
retina has completely disappeared. The sclera 
is intact except at the site of perforation pos- 
teriorly by the tumor. 

The tumor is densely packed with tumor 
cells with an occasional chronic inflammatory 
cell interspersed. The cells are long oval in 
shape with a scanty acidophilic cytoplasm. 
The 


Mitoses are abundant. In some areas the long 


nuclei are prominently nucleolated. 
oval tumor cells are arranged in sheets in a 
palisaded arrangement. There is no pigment 
liberation in the tumor although degenerated 
melanocytes from the uveal tract are present 
in the areas immediately adjacent. There is 
only a sparse, very fine reticular network 


The silk 
through the 


present. suture tract is readily 


traced posterior segment in 


serial section (figs. 20, 21, and 22). 
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Fig. 20 (Patz, Wulff, and Rogers). Intermediate- 


power view of mouse choroidal melanoma showing 
fascicular arrangement of bundles of spindle cells 


(Hematoxylin-eosin, X100, Animal 72-4.) 
HISTOPATHOLOGIC IMPRESSION: Malignant 

melanoma, Spindle B type, apparently origi- 

nating from choroid with invasion of orbit. 


C. Animal 73-6. The tumor fills the globe 


Fig. 21 (Patz, Wulff, and Rogers). Intermediate- 
power view of human malignant melanoma, spindle 
B type with fascicular arrangement of cells. Note 
similarity to mouse tumor in Figure 20. (Hema- 
toxylin-eosin, X 100.) 
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and has ruptured it posteriorly to fill most 
of the orbit. Some portions of the harderian 
gland are not infiltrated with tumor and ap 
pear normal. The globe is markedly prop 
tosed and the cornea has perforated. The an- 
terior chamber is filled with a coagulum of 
serum, polymorphonuclear leukocytes, hemo 


siderin laden phagocytes, and degenerated 


iris pigment. The iris and ciliary body are 


completely infiltrated by tumor and no nor 
mal iris landmarks remain. The lens is in- 


vaded by tumor cells and only a small portion 


Fig. 23 
melanoma 
sulting 


Choroidal 
proptosis re 
MCA 
suture implanted in globe three months previously 
(Animal 73-6.) 


(Patz, Rogers) 
invading 


Arrows 


Wulff, and 
right 
delineate 


orbit with 


tumor extension 


WULFF 
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ROGERS 


22 (Patz, Wulff, and Rog 
Higher power view of mouse 


Fig 
ers) 
choroidal melanoma seen in Figure 
20. Note hyperchromatic oval nuclei 
with prominent 
point to a few of the 
present. (Hematoxylin-eosin, 

Animal 72-4.) 


nucleoli Arrows 


mitotic hg 
ures 


X 500, 


of the nucleus remains. The choroid is dif 
fusely infiltrated by tumor. The sclera is 
atrophic and there is a large defect poste- 
riorly where the tumor invades the orbit. The 
retina has disappeared except for a few small 
remnants posteriorly, 

The 


spindle-shaped cells with a narrow oval nu 


tumor consists of predominantly 


cleus and scanty acidophilic cystoplasm. In 


Fig. 24 


view of 


Higl 


melanoma 


Wulff, and Rogers) 
choroidal 


( Patz, 


Section oft 


power 
observ ed 


grossly in Figure Spindle cells are narrower 


and nucleoli are less pronounced when compared t 
tumor in Figure 22. Arrows point to mitotic hg 
(Hematoxylin-eosin, X500, Animal 


ures 73-6.) 
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Fig. 25 (Patz, Wulff, and Rog 
ers). High-power view of another 
area of tumor observed in Figure 
24. The nuclei here are more oval, 


less elongated, and show prominent 


nucleoli. Arrows point to several 

of the numerous mitotic figures 
(Hematoxylin-eosin, X500, Animal 

73-6.) 

an occasional cell a line or fold extends 


through the center of the nucleus longitudi- 
nally. The nucleoli are generally less pro- 
nounced than in the previous two choroidal 
tumors. In a few areas the nuclei are more 
oval and are prominently nucleolated. Occa- 
sional lymphocytes and polymorphonuclear 
leukocytes are scattered through the tumor. 
There is a fine well-defined reticular network 
throughout the tumor. The tumor is poorly 
vascularized with a network of fine vessels. 
There are no pigment cells in the tumor 
proper except in the areas where the uveal 
tract is invaded, There are numerous mitotic 
figures especially in the extraocular part of 
the tumor (figs. 23, 24, and 25). 
IMPRESSION: Malignant 


Spindle A 


HISTOPATHOLOGI¢ 
melanoma, predominantly type, 
apparently choroidal origin with invasion of 
orbit. 

7. Sarcoma of orbit. The tumor fills the 
entire orbit and no remains of the globe are 
found in section. The tumor is sparsely vas 
cularized with a network of fine capillaries. 
Most of the cells are fusiform in appearance 
and there is a prominent fibrillary stroma. 


The nuclei are narrow and elongated resem 


bling fibroblasts in many areas. Some cells 


are more oval and prominently nucleolated, 
however. Mitotic figures are numerous (fig. 
26). 

Fibrosar 


HISTOPATHOLOGIC IMPRESSION 


coma of orbit. 
USSION 


sefore discussing the data collected in 
these experiments a brief résumé of some 
observations that are fundamental to experi- 
mental carcinogenesis are cited, The precise 
mechanism whereby chemical carcinogens in 
duce malignant change in normal cells prob 
ably is as obscure as is the development of 
clinical cancer itself. The process of experi- 
mental carcinogenesis, however, can be di 
vided into an initial phase of irritation due 
to the toxic action of, the chemical, followed 
by a latent period of several months, then the 
period of actual neoplasia.* ' 

The experimental findings of many in 
vestigators, notably those of Berenblum and 
Shubik® and Orr,’ on the effects of carcino 
genic hydrocarbons applied to the skin, show 
initially a typical response to a local irritant. 
During the first two days there is excessive 
proliferation of epithelial cells and increased 


keratin formation, Cytoplasmic degeneration 


e. 
Sat 
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and breakdown of the epithelial cells occurs 
about the third day with an increase in the 
subepithelial connective tissue and local con 
blood About the 
fourth day, tissue repair begins and there 


gestion of the vessels 
is a gradual return to a normal appearance 
of the skin. After a latent period of three 
months or longer, the process of true neo 
plasia occurs. The cells become irregular in 
size, mitoses are prominent, the arrangement 
Continued 


of cells becomes irregular pro- 


liferation occurs with the development of 
carcinoma 


Cramer and Simpson, 1945,° noted that 


following the skin application of a single 


small dose of carcinogen, in idequate to pro 


duce tumor, the initial effect of local irrita- 
tion occurred but, following the usual latent 
period, no tumors developed. However, if 
following the single application of this same 
small amount of carcinogen the non-specific 
effect of burning the skin was added, tumors 
Deelman, 1924,® 


showed that tumors occurred at the edge of 


developed at the burn site 


a deep skin wound inflicted following the ap 
plication of a small dose of carcinogen that 
was normally insufficient to produce tumors. 
Yet repeated application of injury or non- 
specific irritants alone do not produce tu 
mors. These observations together with their 


own similar data led Berenblum and Shubik® 
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Wulff, and Rog 
High-power view of orbital 
Note bundles of 


Fig. 26 ( Patz, 
ers) 
sarcoma collage 


fibers. Some nuclei are long 


and _ thin, 


nous 
oval and 
(Hema 


42-4.) 


others more 
nucleolated 


X500, Animal 


prominently 
toxylin-eosin 


to conclude that the initial irritant action or 
“initiating action” is a specific one and 1s 


only produced by a definite carcinogen. 
Once the “initiating action” produced by a 
specific carcinogen has occurred in the tissue, 
then a non-specific irritant, for example, heat 
or trauma, may exert a “promoting action” 
and neoplasia follows. They reasoned that 
the specific carcinogenic chemical changes a 
few normal cells into latent tumor cells (ini 
tiating action) on a single application. If the 
initial irritant effect is potent enough, tumors 
will develop without a secondary promoter. 
If the initial carcinogen is applied in a very 
small amount, only the initiating effect oc 
curs. Either a repetition of the carcinogen or 
the application of a nonspecific irritant o1 
“promoter” will then be required to induce 
neoplasia These so-called promoters are 
usually designated co-carcinogens. 

The co-carcinogens, though not themselves 
necessarily carcinogenic, may also act dur 
ing the initial application of the carcinogen 


Their effect can be (1) to shorten the latent 


period of actual neoplasia where the initial 


carcinogen is sufficiently potent to produce 
tumors and (2) promote the production of 
tumor where the carcinogen dosage itself is 
X-radiation to the head 


utilized in Experiment 2 already cited as a 


insufficient. was 


promoter following MCA treatment. Certain 
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solvents which enhance the transfer of the 


specific carcinogen across the cell wall can 


also enhance the tumor yield. Cholesterol, 


which raises the transfer of the cat 


cinogen, was used here in Experiment 4 fot 


this purpose 


It is known that 20 


me thy Icholanthrene 1s 
a potent cancer hydrocarbon and acts as its 
own “initiator” and “promoter” when in suf 
herent concentration 
of special interest not only because of its po 


effec but 


Methylcholanthrene is 
tent experimental carcinogen 


also because is closely related chemically 
acids in the 
Methylcholan 


both desoxy 


to the naturally occurt 


human and animal 


threne can be prepared 


cholic acid and choli Figure 27 shows 


the structural f a f methylcholan 


threne 


PREVIOUS OCULAR 


DIES 


Two of the seven D of tumors ob 


served have been pre reported, namely 


harderian gland car 


coma. Harderian gland tumors have been 


noted by Benedict wing total body it 


radiation of mice and they have occurred fol 


lowing oral administration of acetyl amino 


fluorine." 
1941, 
fuso-cellular sarcoma in rat eves treate« 


3-benzpyrene in olive oi 1937, 


and Tanzi reported 


( sondolphi 
with 
Thomas, 


has utilized methylcholanthrene in an un 


induce ocular tumors 


successful attempt to 
and ind have also been 


and Mayer 


reported dibenzanthracen I lard 


Scarlet red 


injected without 


SUCCE 
solution 


ineffectual, but their control rats injected 


with not contain carcinogen 


showed changes in the retina which they 


termed ‘“‘retinoblaston lheir photomicro 


graphs appeat yw simply the massive 


gliosis and folding « retinas that fre 


quently occur clinically wher 


patient sus 


posterior 


tains a ] segment penetrating wound 


Several of our itrol animals operated by 
inserting a plain hypodermic needle into the 


vitreous showed retinal gliosis and prolifera 
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Wulff, and Rogers) 


methvylcholanthrene 


Structural 


tive changes essentially similar to their re- 
ported observations 

The incidence of infection and degenera 
tion of the globe was much higher in the ani 


MCA-im 


Chis technique, however. 


mals operated by inserting an 
pregnated suture 
permitted a much more accurate and pre 
dictable placement of the carcinogen. In cur 
rent studies the suture insertion is being used 
virtually exclusively. Instead of impregnat 
ing the entire suture length with carcinogen 
a small bead of molten MCA is applied to 
the suture 

lhe failure to produce retinal tumors may 
have been due to the imprope r placement of 
the carcinogen in the posterior segment, One 
other explanation may lie in the simultaneous 
stimulation of both retinal and choroidal cells 


by the MCA 


from the 


lhe latent period for tumor 


formation choroid may be shortet 


than for retinal tumor formation. As a result 


the choroidal tumors which appeared to grow 
rapidly may have destroyed any latent retinal 


tumor cells. In current studies an attempt 1s 


being made to apply the carcinogen to the in 


ternal surface of the detached mouse retina 


to avoid simultaneous stimulation of cho 


roidal elements 


The principal aim of the retinal carcino 


genesis produce retino 


experiments 1s to 
blastomas that may then be experimentally 
treated to evaluate 


therapy. The unique re 


sponse of the premature retina to hypet 


oxia'* suggested to us that short px riods of 
oxygen inhalation combined with X-irradia 


tion might augment the effect of radiation on 
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retinoblastomas. This concept is based on the 
evidence of Gerschman and co-workers” that 
the effect of oxygen poisoning and X-irradia- 
tion are cumulative in the tissues and that a 
possible common mechanism for their ac- 
tions exists. 

The crystalline lens was frequently trau- 
matized by the operative procedure, but no 
MCA 


pellets or sutures within the lens capsules to 


attempt was made to introduce the 


stimulate tumor formation from the lens 
epithelium. Mann*® has previously demon- 
strated the malignant potentialities of lens 
epithelium experimentally by tissue culture 


and subcutaneous transplant techniques. 


RELATIONSHIP OF MOUSE TUMORS TO 


CLINICAL NEOPLASMS 


The squamous cell carcinoma of the cor 
neal epithelium diffusely infiltrated the cor 
neal stroma. This tumor may be analogous to 
the squamous-cell changes that Reese*' has 
cited can occur in Bowen's disease of the 
The 


growing moderately anaplastic squamous cell 


cornea. mouse tumor was a rapidly 
carcinoma. 

Che conjunctival squamous cell carcinomas 
were markedly invasive and penetrated the 
globe to displace and replace the normal 
intraocular structures. One of these tumors 
has been transferred in subcutaneous trans 
plants two times to date and the subcutane 
ous tumors grow readily (fig. 5). The tu 
mor has the characteristics of typical mucous 
membrane carcinoma and is probably analo 
gous clinically to the squamous-cell car 
cinomas of the limbus or conjunctiva. 

The 


mouse epithelial downgrowth are not analo 


carcinomas that developed in the 


clinical since carcinoma 


Cases 


gous to any 


formation in postcataract extraction epi 
thelial downgrowth has not been reported. 
One case of marked epithelial proliferative 
activity in clinical downgrowth has been ob 
served, however 

The mouse harderian gland has no exact 
However, the adeno 


counterpart in man 
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carcinomas of the harderian gland appear 
similar to adenocarcinomas of the lacrimal 
gland that are described clinically 

The iris tumors have not been definitely 
ciassified. However, they resemble the ap 
pearance of diffusely infiltrating clinical 
melanomas. 

The tumors resembling malignant mela 
noma of the choroid are markedly anaplastic 
and undifferentiated. This morphology to 
gether with their rapid growth pattern to in 
vade the surrounding structures attests to 
their local malignancy. No peripheral metas 


How 


ever, the animals were killed when proptosis 


tases were detected from the tumors 


was pronounced in an attempt to salvage the 
globe. In Animal 74-2 fine pigment granules 
appeared to be liberated by tumor cells in 
several areas remote from the immediate 
uveal tract area. The possibility that thesé 
tumors originated from the retina or its 
pigment epithelium after their undergoing 
metaplasia cannot be ruled out, but this ap 
pears unlikely, In future studies dopa re 
action tests on fresh tissue are planned in 
order to evaluate the pigment potential of 
these cells. Photomicrographs of two human 
19 and 21) that 


show sparse pigmentation are presented for 


malignant melanomas ( figs 


comparison with the animal tumors 

The spindle-cell sarcomas of the orbit in 
mice appear primarily fibrosarcomas and are 
comparable to primary orbital sarcomas that 


have been observed clinically 


SUMMARY AND CONCLUSIONS 


Methylcholanthrene, a carcinogenic hydro 
carbon, has been introduced into the eyes of 
several strains of mice by various techniques 
in a pilot study. 

The 


(1)squamous-cell carcinoma of the cornea, 


following tumors were produced 
(2) squamous-cell carcinomas of the con 
2) u 1 ll r f tl I 
junctiva, (3) squamous-cell carcinomas of 
epithelial downgrowth in the anterior cham 


ber, { 4 } 
gland, (5) diffuse tumors of the iris 


adenocarcinomas of the harderian 


as yet 


unclassified but resembling melanoma, (6) 
malignant tumors resembling melanomas of 
the choroid classifi d« pithelioid type, spindle 
\ and spindle B types, and (7) spindle-cell 
sarcoma of the orbit 

Repeated transplanation of one of these 
tumors to other mice of the same strain was 
successful. The local malignancy of the tu 
mors from which transplants were unsuc 
cessful was determined on the basis of their 


marked local invasiveness to the point of fill 
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ing and rupturing the globe and invading the 
orbit and surrounding structures. 
1212 Eutaw Place (17) 
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TEST COMPARING A NEW WITH A 


CONVENTIONAI 


ASTIGMATIC CHART* 


GERHARD A. BRECHER, 


{tlanta 
Most astigmatic test charts commonly in 
use are composed of black lines on a white 


ve seen in Vari 


background. These lines may 


ous patterns such as the letter % Vv. an ar 
row, or a radially arranged “sunburst” dial 
(fig. 1-A). To determine the presence of 
astigmatism, the different lines are compared 


as to their relative blurring or clarity, the 


criterion being more blur or less blur 


Recently a new test chart’ was designed 
using a different pattern involving another 
criterion for recognition. Essentially, this 
chart, which was designed by one of the 
dial of 
s on what ap 
1-B). The 
background is composed of narrow 


At a 


too nat 


authors (Eastman), is a sunburst 
black lines with white border 
pears as a gray background (fig 
“gray” 
equal width 


black and white stripes of 


distance of 20 feet, these are 


stripes 


row to be resolved individually, and the ef 
fect is the appearance of a uniform gray field 
i white border 

as the black 
Instead of appearing blurred below 
the black 


merges imperceptibly into the 


Che test lines themselves have 


on each side, one half as wide 


test line 


the threshold of acuity, test line 


background 
he criterion used with the Eastman chart 


is the presence, or absence, of the test lines 


background were 
blac k 


Che test pattern and the 


designed to have equal of and 


aTeas 


white resulting in equal average reflectance 
The reason for using fine stripes for creat 
the Departme iology, Bas 
Hea Science Divis ‘ University \ 
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(seneral Electric Ne Par C levela 
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ing a uniformly gray background equal in 


reflectance to the wide stripe and white 


border was mainly the technical feasibility 


of printing a field of uniform over-all re 
flectance 
The Eastman chart is based on ideas of 


Friedenwald® and Goldmann.*? Friedenwald 
suggested that an astigmatic test chart could 
be improved by having the test lines bordered 
with a white hem on a neutral background 
Friedenwald tested astigmatic charts similar 
aph 


to the new one described here by photog 


ing them through astigmatic lenses, Raubit 


schek 


gray background” 


considered the “white border on a 


essential to his arrow 


chart. Goldmann’s idea, developed for the 


objective determination of visual acuity, led 


us to use fine stripes for “background” and 


wide for “signal,” both having the 


stripe 
same reflectance 


As it a priori impossible to decide 


Was 


whether or not the Eastman astigmatic chart 
would be superior to the conventional one, a 
brief study was made for comparing the 
sensitivity of the two charts 
MetTHOoD 
The charts shown in Figure 1, a conven 


and the Eastm: 


\), 


used in this 


tional “sunburst” dial ( 


chart (B) were test The black 


test lines on chart A subtended one minute of 


arc at six m. distance. This is the width of 
the Snellen 20/20 line on a standard visual 
acuity chart. The wide black test lines on 
chart B subtended also one minute of arc, o1 
the equivalent of a Snellen 20/20 line. In 
addition, another Eastman type chart with 
lines subtending 45 seconds of arc, approx! 
mating a Snellen 20/15 line, was used in this 


study. For convenience 


referred to as the conventional chart, 
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ASTIGMATI( 


Lewis, and Eastman). Tw 
test charts Cor 
(B) Eastman chart 


astigmati ventional “sun 


burst” dial 


man 20/20, 20 


and Eastman 15 chart, ir 
respective of the magnification of the testing 
lens system, which is the same for both 
types. 

[he charts were compared by testing the 
threshold 
continuously 


This 


which could be produced by using a 


conditions of perception, using a 


variable-power lens system 


was preferred to stepwise changes 
series 
of lenses in a trial frame or phoroptet 
Cylindrical lenses were used instead of spher 
ical lenses, thereby making it possible to vary 
the power in one meridian while holding it 
constant in the opposite meridian 
The experimental 


trated in Figure 2 


arrangement is illus 


A small optical bench was 
constructed with a movable plus cylindrical 
lens and a stationary minus cylindrical lens 
The lenses were set in simple mounts which 
rotated about the 


could be optical axis in 


CHART 119 
on a rider from its primary position in con 

tact with the minus lens to any distance in 
front of the minus lens. When the two lenses 
were in contact, the dioptric power of the 
system was the algebraic sum of the powers 
of the lenses, As the plus lens was moved 
away from the minus lens, the dioptric power 
of the combination increased toward the plus 
value. The reason is that the effectivity of a 
plus lens increases as it is moved away from 
the eye 

so that the di 

optric power of the combination could be 


Two lenses were chosen 
varied from plus to minus. A +5.0D. cylin- 
der lens was used in this experiment in com- 
bination with a —7.0D. cylinder. The lateral 
separation of the lenses was measured in mil 
limeters, and the total power of the system 
computed from these data.* 

The Eastman charts were tested in the fol 
lowing manner. A two percent homatropine 
solution was instilled in the subject’s eyes in 
order to rule out effects of accommodative 
changes. The subject was seated behind the 
optical bench. A plus spherical lens was post 
tioned in the optical bench at such a distance 
from a minus spherical lens as to fog the 
subject slightly. The fog was reduced gradu 
ally until one of the lines on the chart became 
just visible. This line was chosen for further 


observation, and the axes of the cylinder 


* A lens system of this type resembles a Galilean 
measurable degrees The minus lens was telescope. The test target is slightly magnified de 

“nding upon ti oO conve 
mounted on the end of the bench so that the pending upon the distance of the convex from the 
. 15 bel itl oncave lens. Since the degree of magnification was 

server's e s 15 mn 
ver ey' wa behind the minu the same tor either type of astigmatic chart, i 
lens Phe plus lens Was Ire to be moved ould be neglected in comparison tests 

TEST TARGET eve 

Fig. 2 (Brecher, Lewis, and Eastman). S« itic diagram of experimental arrangement 
for testing astigmatic charts 


A 
A B 
Fig. 1 
— 


“RHARD A 


BRECHER, DONALD LEWIS AND 


ARTHUR A. EASTMAN 


rABLE 1 


SUMMARY OF 


20, 20 


Subject Dioptric Range 


Dioptric 
from Blur fre 


ym “ar from Blur 
to Clear 


0.75 
0.63 


lenses were placed parallel to the test line 
without altering the distance between them 
A set of readings was taken by first blur 
ring the test line by fogging the subject with 
plus power with the lens combination until 
the line could no longer be distinguished, and 
then gradually reducing the blur until the 
line just became visible. The effective power 
of the lens combination, with the line just 
visible, was recorded. Then the plus power 
of the combination was increased just enough 
to render the line indistinguishable from the 
gray background, and the effective power re 
corded. Ten sets of readings were taken. 
Similar sets of readings were recorded as 
the line “just appeared” or “just disap- 
peared” when the effective minus power of 
the lens system was varied. In this manner 
the dioptric range was determined in which 
the test line was visible to the observer. All 
lens adjustments were made by the subject. 
Next, the conventional astigmatic chart 
(fig. 1-A) was studied under the same condi 
tions. The subject reported when the line 
was clear or perceptibly blurred rather than 


W he n the 


range were exceeded the line appeared only 


visible or invisible limits of the 
blurred, but was obviously still visible. Each 


reading was repeated 10 times 


RESULTS AND DISCUSSION 


Che data are pres¢ nted in Table 1. 

A comparison of the figures obtained in 
the threshold determinations for the conven- 
(fig. 1-A) 


B) with 20 


tional chart and the Eastman 


chart (fig. 1 20 test lines shows 


nventional 20/20 Eastman Chart 


Dioptric Range 


DATA 


20/15 Eastman Chart 


Dioptric Range Dioptric Range 


Dioptric Range 
from Clear ron F 


+0. 50 
1.38 
0.93 

+0.35 


+0 .04 


that the ranges of clarity for the two charts 
are approximately equal. 

There was, however, a significant diffet 
ence in the subjective appearance of the 
threshold. When the range was exceeded 
either by too much plus or too much minus 
effective lens power—the line of the conven 
tional chart appeared only slightly blurred 
whereas the line of the Eastman chart be 
came completely indistinguishable from the 
All subjects agreed that 


gray background 


the difference between presence or absence 
of the line on the Eastman chart was a more 
precise criterion because of a well defined 
endpoint. 

In order to « xplore further the sensitiv ity 
of the two charts, smaller versions of them, 
closer to the threshold of visual acuity, were 
Eastman 


tested. The data recorded for th 


chart with 20/15 lines (last group of col 


umns in table 1) showed a narrower range 
of visibility for the test lines than with the 
20/20 The 20/15 


than 


lines modification was 


much sensitive either of the 


20/20 charts 


mort 
A corresponding conventional 


chart with 20/15 lines could not be tested 


satisfactorily because none of the subjects 


could discern reliably differences of “clear” 
and “blur.” The average data comparing the 
sensitivity of the test charts are graphically 
represented in Figure 3 

Although the 20/20 Eastman chart was 
not significantly superior to the conventional 
chart, the 20/15 Eastman chart proved to be 
a critical test for evaluating acuity. The use 


of a testing method with a well defined end 


— 
120 
to Clear t to Blur to Clear to Blur 
1 0.75 +1.00 1.65 +1.30 | +0.75 1.00 +1.25 +0 .06 +0.25 0.76 +1.12 
4 0.64 +0.25 1.18 +0.2 0.25 1.08 +0.25 0.49 0.44 0.96 +006 
; +0.81 1.64 0.66 +2.93 +0 .67 +1.69 +0.25 +2.34 +0 .90 +1.24 +0.53 +1 4 
4 +0 .09 +1.18 0.90 +2.02 +0.29 +1.13 0.38 +2.02 +0.74 0.16 
5 0.69 +0.31 1.20 +0.30 0.67 0.20 1.10 +0. 30 0.50 0.42 0.99 +0.10 
6 0.10 +1.00 1.12 +1.63 0.08 +0.85 0.85 +1.50 +0. 30 +0 .45 0.32 +1.05 
7 0.10 +0. 80 0.65 +1.62 0.05 +0 .77 0.59 0.31 +1.10 
8 2.25 1.38 > oO 1.04 2.45 1.56 2.60 1.38 2.29 ». 57 1.04 
9 1.67 0.24 1.75 +.09 0.75 0.33 1.29 +0.14 1.13 1.54 0.56 
10 1.13 0.24 1.54 +0 .52 1.54 +0.52 1.74 +1.0 0.33 0 5 +0 .57 
Aver 
ge 0.64 +0.43 1.3 +0. 96 0.60 +0.34 1.04 +0.91 0.22 0.78 +0.55 


ASTIGMATIC 


VISIBL 


CHART 


VISIBLE 


EASTMAN CHART 


(20 715) 


VISIBLE 


VISIBLE 


EASTMAN CHART 


(20 /20) 


CLEAR BLUR 


CLEAR 


BLUR 


CONVENTIONAL CHART 


(207 20) 


T T 
+1.00 


DIOPTERS 


man) 


d (20/20) and conventional chart 


point, such as demonstrated with the East 


man astigmatic chart, offers possibilities for 


other areas of visual acuity testing 


SUM MARY 


Phe ( Eastman 
chart) used 1n this test was a 


borders on a g 


new astigmatic chart 
“sunburst” dial 
of black lines with white ray 


posed of narrow 


background which was cot 
black 


Beyond a critical « 


and white of equal width 


Stripe 


listance, these stripes were 
too narrow to be resolved individually and 
held. Instead of 
appearing blurred below threshold of acuity, 


black the of the 


matism merged imperceptibly into the back 


appeared as a uniform gray 


the testline in iX1S astig 


ground. The criterion used with the Eastman 
ibsence of the test 


dial 
width of the 


chart was the 
Che 


consisted of lines equal in 


presence OT 


line. conventional sunburst chart 


test 


Threshold ranges in diopters 


obtained with Eastman charts 


(20/20) 


lines of the Eastman chart. In the conven 
tional chart, the criterion for the presence of 
astigmatism was “more blur” or “less blur.” 
The charts were compared by testing the 
threshold conditions of perception using a 
continuously variable-power lens system. In 
10 subjects the dioptric ranges were deter 
mined in which the Eastman chart testline 
was visible to the observer and the conven 
tional chart testline was clear to the observer 
It was found that the dioptric ranges were 
consistently narrower with the Eastman 


Che 


absence of the line on the Eastman chart was 


chart. difference between presence or 


a more percise criterion be cause of a well 


lefined end-point when compared with the 
“less blur” of the 


criterion of “more blur” or 


line on the conventional chart. 
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COMPLETION OF 


(SPECIAL PRINT 


PRINCE, 


lhe cost of making new fonts of lead type 
for experimental purposes is prohibitive so 
a new device was adopted which, although 
slow in terms of production, enjoys great 
versatility. It is a special photographic print 
ing device which will print words one letter 
ata time on strips of photo paper. In this 
way a book can be printed one line at a time 
rhe lines are then arranged into pages and 
finally rephotographed onto a metal platten 
mounted round a drum, will 


which, when 


print exactly like the mastic cylinders used 
on newspaper machines 


Che 


not only 


such a device is that 


advantage of 


can the actual of the print be 


S1Z¢ 


controlled, but so can the interletter 


spac 


ing and the spacing between the lines. The 


illustration shown here ts of a 


i omposit 


conventional print used for subnormal vision 


books, and four final choices of what is 


ivailable the ideal desired 


ll the 


Che result 


In print nearest to 


without special manufacture se were 
printed in the manner described 
ing pages were comparable with those seen 
in any ordinary book 


The 


were 


specifications of the prints shown 


0.024 
0.123 
to height ratio 

0.020 1 


0.137 6.5 


nrst nearly 


| he 


ideal 5:5 er 


ind = the 


possess the ideal limb thickness 


Phe 


ranslated into mi 


dimensions were 


* Fre tine 

| 

East-Central 
Ohi 


Dey 
niversity 


Me 


sectior 


FOR Si 


Columbu 


PROJECT 650 


BNORMAL VISION ) 


F.R.M.S. (Eng 


(ino 


utes of are, 


and then the spaces designed 
accordingly. In prints 1 and 2 they were on 
and 1 


No 


form most nearly with the ideal crite 


minute arc, n 3 and } the Vy were two 


minute ar« + therefore to con 


id 


le tter 


appears 
Tila ta 


down in my previous papers, th 


to be the same height and width, or the width 


to be not less than 80 percent of height, ar 


} 


limb thickness and spacing | 
be 20 


width, 


percent of height or percent 


if and the width 


are 
identical 
While 


ding 


labor itory expe nts were 


to determine data on these five 


illustrated types and spaces, the conventional 


No. 1 and No, 4 


rti the 


type, and were reproduced 


with an a on front the 


( 


carry out ; nple testing routine 


and send their resul The 


re sponst 
voluminous and demonstrate 


the 


this was quit 
msciousness ¢ f 


a keen public c: 


ved typ ome inter 
came to light 

very fa 

ded 


which 


Firstly, 


ter spaced 


Any 


legibility 


conventionally 


CcTOW 
type 


reduces speed 


this connotes a high standard of 


But 


ind accon lation, too ind 


ble to the average older citiz 
spondents to this newspaper 
had 

The 


glasses and worn 


wore 


average 2/ ivel 


spectacle veal 


of them had low acuity and/or 


alteration. Type 4 was unanimously re 


id 
the 


greatest distance and Type 3 occupied 


second However, the nonpathologi 


and reasonably normal subjects chose con 


ventional spacing for rapid reading [ 


fortunately the newspaper had pri 


‘ 
to 
i 
esting statistics 
print 
is spread out to improv 
visio: 
4:4.73, limb thickr 
js not applica 
No. 2 and No. 3 widtl ens. Of the re 
test 76 pet ent 
4:5.078. limb thickness , 
ive gy? tive 
th ge ag 
teria desired, also 
riment mology, O 
January 5, 1959. Cincinnati. 
ited this 
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VISION 


The other kind of change is called 


The other kind of change is called a 
HEMICAL CHANGE In this case, matter 
hanges from one substance to another 

Such a change occurs when wood burns and 

forms water vapor. carbon dioxide, and ashes 
We re all familiar with the ashes which remain 
burned 


after a prece of wood is completely burned 


4 


The other kind of change is ca 
CHANGE 


ed a CHEMICAL 
In this case. matter changes from one 
substance to another Such a change occurs when 
wood burns and forms water vapor. carbon dioxide, and 


ashes. We're all familiar with the ashes which remain 


after a piece of wood is completely burned 


(Prince). The f rints used in 


ve interk 


10-percent larger than No, 3, for 
because it occ upied kk Ss TOO! 
In the laboratory whet subjects and 


experiment were under c control, the 


findings gave much mort kind of in 
formation I was seeking 
subjects were ; to make the highe st scores 
with print No. 4 

2. With print No. 1 
second highest score 

3. With print No 
second highest score 

4. Although 42.9 pe: t made 
with No 
for this score with N« 

5. With No. 4, 
ond highest score 

6. With print No 
their highest score 


Briefly then, print N the 


SS pe reent of 


rcent made th 


the second 


] 


highest score of these tied 


ide the se 


most 


legible or second n print for 94 


pe rceent of tl l \ was obviously 


second choice, tf 


No. 1 
it has the 


urlv closely 
No. 3 but 
superior f N The 


has narrowet han 


highest scores ther 


supe 
type face plus the wider spacing. There wi 


a very wide range acuities en 


} 


countered in the subj among those 


with low visual acuity was no excep 


tion to the choice of No 


nown 


} iS the best 


results of all the prints s 


a chemical change 
ter changes from one substance to an 
“ther. Such a change occurs when 
wood burns and forms water vapor 
carbon dioxide, and ashes. We're all 
familiar with the ashes which remain 
after a piece of wood is completely 


instance, 


In this case, mat 

The other kind of change is colled « 
CHEMICAL CHANGE. In this cose, motter 
changes from one substance to another 
Such o change occurs when wood burns ond 
forms woter vapor, corbon dioxide, and ashe 
Were all familiar with the ashes which remain 
alter o piece of wood is completely burned 


The other kind of change is called o CHEMICAL 
CHANGE. In this cose, motter changes from one 
substance to another. Such o change occurs when wood 
burns and forms water vapor, carbon dioxide, and oshes 
We're all familiar with the ashes which remain after a 


piece of wood is completely burned 


described top center one 1s the conven 


one-minute arc, and No, 3 and No. 4 have 


It is difficult to relate this special type to 


anything a printer understands because his 


measurements do not refer to the actual sizes 


of letters but to the dimension of the rec 


tangular lead stems or bases of the letters 


There are 72 points to an inch, and 12-point 


type means that ther are six lines of 


] 


print to the inch. Even if the spacing be 


tween the lines is increased so that there are 


only five actual lines of print to an inch it 


is still 12-point type. The major difficulty is 


both 


same “points” of value and yet have differ 


that two kinds of type can have the 


ent letter sizes, their lead spaces being identi 


al, however 


We cannot say, therefore, that minutes of 


are used in print measurement have an actual 


] 


relation to printers “points.” So the best we 


can do for the conventional printer is to 


specify a brand of type and its points valuc 


such as “Spartan medium” 18 point, with 


certain spacing between the letters and an 


other spacing between the lines. But this will 


have to be worked out carefully for each 


tyyx face it is possibl to use 

Some investigation was also made on any 
relationship that might exist between the 
quality of the paper (especially its reflectance 
power) and the new type and spacing that 
might be different from that found in work 


already accomplished with standard print 
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BACKGROUND INTENSITY 


rhe results of this were most revealing. The 
AVERAGES FOR 40 SUBVECTS 


accompanying graph shows that with two 
minute arc letter spacing the very least con 
trasting paper gave better legibility results 


than even the highest quality contrasting 


paper did with one-minute arc letter spacing 


fact the wider spacing made background 


aunastanes contrast appear to be far less significant than 


sou we have hitherto found, all three back 
REFLECTANCE 
grounds giving closely similar results. How 
* 
Po _» ever, with the narrower spaced every one ot 
the various background qualities produced a 
lower legibility standard, and also there was 
a greater relative legibility disparity between 
them 


his seems to concur with an earlier find 


ing* that the most important factor in k 

legibility is the amount of black in relation 
to white in a given area. If the quality of 
paper is reduced in importance when books 
are being specially printed for the semi 
blind it may be possible eventually to print 
their special books almost as rapidly and 


cheaply as the standard subnormal vision 


| 
WHITE NO2 WOS WHITE NOR WO.S books have been in the past 
| MIN. ARC LETTER SPACE 2 MIN ARC LETTER SPACE Departm nt f )phthalm / 10 


Fig. 2 (Prince). In this graph the ordinate shows 


he scores achieved by subjects presented with prints * Improvements in letter styles 
having different interletter icing and different charts. Texas Rep. Biol. & Me 


background reflectance of pap (Summer) 1954 


A FIELD STUDY OF HARDY-RAND-RITTLER COLOR 
VISION PLATE TEST* 


CLEMENT McCuttocu, M.D., N. C. Turnovur, F/L, J. R. 


mi 


INTRODUCTION RCAF lantern as a salvaging device. The 


The placement of, or rejection of, color ™ ultant classifications are, of course, a1 


defective individuals is a matter of considera bitrary and their validity in relation to job 


ble concern to the Royal Canadian Air Force. placement is meaningful only in the light of 


as it is to any large industry experience. Also these classifications no 
At the present time the RCAF is using W4@) reflect the major types of color vision 
the American Optical Pseudo-Isochromatic defects, such as protanopia, deutanopia, o1 
plate test as a screening device and the tritanopia 
The publishing of the Hardy-Rand-Rittlet 
plate test offered an alternative method of 
before the East-Central ion, January 5, 1959, testing.” This plate test gives an assessment 


Cinemnati, Ohio of the severity and type of color d fect, 
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COLOR VISION PLATE TEST 125 


which could be an aid in the placement of 
personnel. This report concerns the field trial 
phase of an assessment of the Hardy Rand 


Rittler plates 
PuRPOS!I 

From the data of the field trial, an attempt 
is made to determine what correlation, if any, 
there is between the H-R-R results and the 
A-O plate test plus lantern results.* The field 
trial also demonstrates the relative adapta 
bility of the two tests to large scale field test 
ing and indicates the adequacy of the scoring 
method used, having regard for accuracy and 


ease of scot ing 


METHOD AND APPARATUS 


[wenty-one RCAF stations participated 
in the study. Of this total, 14 are Recruiting 
Medical Units, 
flying stations, while 


Me di al 


Establishment. Color vision testing of appli 


Units, four are Auxiliary 


two are representative 
the remaining one is the Central 
cants to the RCAF is routinely carried out 
by these units. As the tests were performed 
on applicants to the RCAIT the results ob 
tained cannot be considered indicative of the 
general population 
Each unit was supplied with the following 
equipment 
plate 


edition of American optical 


pseudo isochromati pl ite test 


2. Hardy-Rand-Rittle1 plate test 
3 


RCAF color perception lantern. 
+. Macbeth easel lat 
5. Data forms (app. 1 and 2) 
uims of the 


Because one of the experi 


ment was to evaluate the relative adaptability 
of the two test procedures, participating sta 
tions were supplied with concise written in 
structions on the procedure to be followed 


However, no attempt was made to give indi 
vidual instruction or to personally supervise 
the examiners 

Units were instructed that both plate tests 
were to be illuminated by the Macbeth lamp 
The lamp should be placed on a table so 


that the applicant's line-of-sight was at right 


angles to the plates when they were set on 


the lamp. The distance should be approxi 
mately 30 inches (just beyond arm’s length ) 
lhe applicant should not be facing an open 
window or other strong light. Nearby incan- 
descent or fluorescent lights were to be 
shielded so that they did not illuminate the 


Window 


vicinity were to be 


plates. shades in the immediate 


drawn, and the cards 
should be handled with care. 

When testing with the A-O plates, the 
examiner to 


suggested procedure for the 


follow was: “ask the subject to please read 
the numbers.’’ The demonstration plate “A” 
(a red “12” on a blue background) is then 
to be shown. The examiner should make all 
plate changes and the applicant is not to be 
allowed to trace the patterns or to touch the 
test plates He is to be given a reasonable 
time (2 seconds) for re sponse to each plate 


she yuld be asked 


if he fails 


If there is hesitation, he 


again to “read the numbers” and, 
to respond, the examiner is to present the 
next plate without comment, With the excep 
tion of the demonstration plate, which is al 
ways presented first, the plates are to be 
given in random order. Ten or more correct 
responses to the 14 test plates constitute a 


pass and the applicant is to be considered 


“color vision normal.” If five or more in 


correct responses are given, including fail 
ures to make responses, the subject is to be 


T he 


demonstration plate is not to be considered 


considered “color vision defective - 


in the scoring. In plates on which there are 


two digits, an incorrect response to either 
digit constitutes a failure on that plate. All 
errors are to be indicated by recording the 
actual response in the square corresponding 
to the plate number. Correct responses are 
to be recorded by a check mark in the ap 
propriate square. 

If a candidate failed to pass the A-O plate 
test, instructions were given that he be tested 
RCAF 


lantern 


by means of the color 
This 


colored glass and neutral density gelatin. The 
2403 heat re 


perception 


lanterns employs filters of 


red filters are Corning No 


sistant glass with nonpolished surfaces and 


are 6.0 mm. + 0.5 mm. thick. The green 
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(4-74) No. 4445 heat re 
with polished surfaces and are 
thick. The 
Wratten neutral density 
70. 80. and 90 


filters are Corning 
sistant glass, 
3.0 mm. + 0.1 mm neutral 
density filters are 
filter No 
The lamp used is a Mazda ( 
115-volt bulb. The 


20 feet 


inside frosted, 


60-watt test distance 1s 


resting consists of 11 presentations of a 


single light and 11 of two lights. Candidates 


who make more than one error are classihed 


“unsafe.” If only one error is made, they are 


retested. Providing no errors are made on 


the second test they are classified “safe.” If 


iny error is made on the second test, they 


ire classified “unsafe.” In then, 


the present RCAI 


summary, 
classifications are: (a) 
(b) 


unsate 


normal—pass plates safe—fail plates, 


pass lantern; (c) fail plates, fail 
lantern 


lhe 


by means of the H-R 


instructions given regarding testing 
R plate test were 


\-O plate 
H-R-R plates 


Regardless of the results on the 


test, testing by means of the 


| test conditions 


is to be done under identica 


There are four demonstration plates and 


test plates. With the subject seated approxi 


mately 30 inches from the Macbeth lamp, the 


four demonstration plates A, B, C, and D are 


presented It is to be pointed out that there 


may be two, one or no colored symbols (tri 


ingle, circle, cross), on the and that 


pl ite 


1 symbol may appear in any of the four 


corners of the plate. It should be explained 


that the test plates to be presented may have 
similar designs but different intensities and 
that all recoynizer ire to be 


such symbols 


reported in the following manner; the sub 


ject will first report the number of symbols 
circle, 


seen, and then identify them (triangle 


cross), giving their location 


is to top left, 
right. A 
good way to elicit this information would be 
“How many you see: 

“W hat they 
circle is to be representec by ©, a triangle by 
a CTOSS by 


ported is to be 


top right, bottom left. or bottom 


to ask symbols do 


and then and where are 


a and location as re 
indicated in the numbered 


square corresponding to the plate number 


TURNOUR 


AND J. R. SMILEY 


lhe test plates are numbered from one to 
20 consecutively. The squares corresponding 
and D 


method to 


to the demonstration plates A, B, ¢ 


have been scored to illustrate the 


be used in 


recording the responses and to 
indicate the correct responses to these demon 
stration plates 

Data forms were supplied for recording 
the responses made by the subject (app. 1 
and 2). All data forms were returned to the 
Institute of Aviation Medicine for interpre 


tation and statistical analysis 


RESULTS 


\ total of 3,508 applicants to the RCAI 
were tested by the 21 participating units. The 
number of returns submitted by each unit is 
shown in Table 1 

Due to errors and classifica 


omissions, 


tion based on the returns from the field pre 


sented certain problems. Fifty-one returns 
indicated either lantern testing was not pet 
formed or it was not reported. In addition 
27 subjects were improperly classified by the 
recorded responses 
} 


prob 


field on the basis of the 
a re vised or 


lable 2 


For these re asons, 


able classification 1s shown in hese 


held inaccuracies represent a 2.0 percent 


x of classification when considering 


total group, but a 38 percent error 
fication when considering the co 


group. Based on the revised 


198 individuals or 5.6 percent 


ipplicants were found to have 


TABLE 1 


N FIELD RETURNS 


SUMBER OF 


Number of 


Returns 


187 

365 
284 


67 


Unit Unit Number of 
| Returns 
1 12 374 
? 13 159 
3 14 5 
4 15 106 
5 16 67 
6 i 17 331 
7 1 18 4) 
g 131 19 70 
9 13 204 
10 517 21 96 
11 
loral 3.508 


ILOR VISION PLATE TES1 


rABLE 2 


REVISED CLASSIFICATION 


Unclassified* Total 


Field Classification 


8 
l 


3,305 104 


* Fifty-one cases made at least five A-O errors but no lantern results were supplied 
PI 
Includes five cases for which H-R-R- results only were received 


vision. There were 323 (9.2 percent ) females two such w rong responses were recorded. In 


none of whom was color-vision defective addition, it was decided to ignore those color 
lable 3 illustrates the disposition of the defective classifications which were based 
3,508 applications, of whom 3 186 were ac 


solely on a single wrong location of a correct 
cepted and 322 rejected. The rejections were symbol. There were 84 such recordings. 


due to all reasons and not necessarily colot It will be observed that normals comprised 


defective vision. It should be noted that the 83.5 percent of the total population by this 


rejection of 62 applicants for defective color more probable distribution. Thus 16.5 percent 
vision 1s significantly higher than would have of the total population was found to be color 
been expected, but it should also be noted vision defective to some degree, according to 
that it was possible to accept two thirds of | the H-R-R test. This would seem high as 
the color-vision defecti compared to the 5.6 percent of the same pop 

Concerning the informa lici ulation who were found defective by means 
addition to the actual results of testing, the of the A-O test. This occurs because four 
returns indicated that for two percent of the errors are allowed on the A-O test. Table 5 
subjects the Macbeth lamp was definitely not compares the two plate tests. It shows the 
used. In an additional nine percent, no indi number of individuals who made one or more 


cation was given whether it was used or not errors on either of the tests. It will be noted 
[welve percent of the subjects wore spe that on the 14 A-O test plates almost twice as 
tacles while being tested and on 10 percent many individuals made errors as on the 20 
of the returns no entry was made concern H-R-R test plates 


ing this. The testing was performed by 143 Finally, Table 6 shows the detailed relation 
individuals comprising 57 other ranks, 79 re between testing with the A-O plates in con 
cruiting ofhcers, five ph lans, and two junction with the RCAF lantern and the 


civilians. This number miners gives a H-R-R test. It must be emphasized that the 


mean of 6.8 examiners r unit. The other frequencies upon which the percentages are 
ranks comprised 40 percent based are the more probabk with respect to 
and conducted 41 percent o tests both tests. It would seem that the H-R-R 
lable 4 indicates tl listribution of cases 
the H R R classifi ition Phe left-hand 


columns show the classifications based on the 


TABLE 3 


DISPOSAL OF APPLICATIONS 
actual recorded resp : right-hand 


columns present a revised classification based Color 


Vision 


tex 


on a more probabl Inte! tation 

Che more probable Bi rpretation was al ~ see t 
rived at by ignoring sing] double errors 
recorded for plates 7 to 20, providing ther 


e no previous wrong responses Seventy 


CC 127 
CVN CVS CVI 
CVN 3,293 5 2 2 3,302 
ee CVS 5 28 2 ) 37 
CVI 7 4 |: 9 103 
| : 0 6 7 137 66 
56 3. 508 
Total 
136 62? 198 
+. 046 305 
5 
3.186 3) 3.508 
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rABLE 4 


DISTRIBUTION OF CASES BY THE H-R-R CLASSIFICATION 


Field Returns More Probable Distribution 


H-R-R Classification 


Number Percent Number Percent 
Normal 2,772 79.0 2,928 83.5 
Unclassified 424 12.1 411 11.7 
Deutan 112 3.2 67 1.9 
Protan 81 2.3 49 1.4 
Tritan 28 0.8 5 0.1 
letartan 34 1.0 7 0.2 
Mixed 57 1.6 41 1.2 
3,508 100.0 3,508 100.0 
rABLE § example, it is suspected that the tests for two 
INDIVIDUALS WHO MADE ERRORS brothers were confused. 
Errors \-O H-R-R 
Disc USSION 
Nil 2,142 2,772 
or more 1,366 736 
It is apparent from the returns that re 
3.508 3.508 gardless of furnishing explicit instructions, 


there existed a great diversity of method and 


“normals” and “mild unclassifiables’” agree procedure. However, it is speculated that 


with the 
ther, it would seem likely that the RCAF 


RCAF normal classification. Fur these variable test conditions might be rep 


resentative of color vision testing in general 
If this is so, it can be concluded that, re gard 


“color-vision unsafe” classification is related 


to degree within an H-R-R group. The mild 
deutans and mild protans may be associated 
with “color-vision safe.” Very likely some 
tritans 


accounts for the three 


the 


error 


vross 


who appear in “normal” column. 


less of the test equipment used, unless recom 
mended procedures are followed color vision 
test results will be unreliable. Too often color 
vision testing is regarded as of secondary im 


portance and therefore is done perfunctorily 


rABLE 6 


PERCENTAGE DISTRIBUTION OF 


SUBJECTS CLASSIFIED NORMAL, 


SAFE OR UNSAFE BY A-O TEST, AND 


LANTERN VERSUS H-R-R CATEGORIZATION* 


H-R-R \.0. Test and RCAF I 

Classification anneal Safe 
Normal 99.7 0.3 
Mild unclassified 91.5 5.5 
Mild deutan 14.3 19.1 
Medium deutan 11.5 3.8 
Strong deutan 11.1 
Mild protan 10.0 20.0 
Medium protan 20.0 5.0 
“trong protan 
Medium tritan 100.0 
Strong tritan 100.0 
Medium tetartan 10.0 
strong tetartan 
Mild mixed 68.1 
Medium mixed 20.0 


Strong mixed Ss 0 


ntern 
Total a Total Casest 
Unsafe 
100.0 2,911 
3.0 100.0 403 
66.6 100.0 
84.6 99.9 6 
88.9 100.0 9 
70.0 100.0 10 
75.0 100.0 0 
100.0 100.0 7 
100.0 2 
100.0 
60.0 100.0 5 
100.0 100.0 
7 .3 99.9 
80.0 100.0 10 
75.0 100.0 


* Exc luding 56 cases undifferentiated due to incomplete testing 


t Using the “more probable” distribution summarized in Table 4 


COLOR 


the administration of the 


with the exception of recording 


Re rarding 


R-R test, 


H 


and interpretation of the results there is no 


evidence that the test presents any peculiar 


difficulties. There is, however. little doubt 


that a pro-forma similar to that used in this 


experiment is to that supplied by 


supe r1or 


the publishers. Even with the pro-forma, 


there is every likelihood that many of the ap 


errors concerning the H-R-R testing 
are errors of recording This 1 


by having the sul 


iy be reduced 


ap 


ce s own recording 


on the pro-forma 
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CONCLUSIONS 

Reliable color vision testing must be per- 
formed by competent examiners under stand- 
ard conditions. 

Only by controlled experiments can the re- 
lationship between various color vision tests 
that the A-O test 
lantern versus the H-R-R test. 


established, and 


be 1S, 
RCAI 
Provided a simplified score form is used 
and subjects record their own responses, the 
Hardy-Rand-Rittler test should present no 
special administrative problem. 
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Cincinnati, 


[INTRODU< 


“ophthalmotonic const nsual 


rhe 


reaction” 


phrase 
eekers' 


culiar phenomena which. after stimulation of 


re fe rs to some pt 


one eye, appear in the contralateral eye They 


are the result of a relationship or interde 


pendence between symmetric organs 


It has long been known that a stimulus 


applied to one eye may cause a change 1n the 


intraocular pressure of the other eye, and 


that the variety of such stimuli is very large 


Magitot,®? Morax and Girard,* Leplat,””’ Lars 


son.’ and Linnér® described a decreas of 
the intraocular pressure in one eye after 
or contusion of the contra 


ompr ss1on 


lateral eye. Much of this and other work in 
this fie ld® published iM fore 1938 


A sc he I 


has been 


ré viewed by 
In 1954 Barany and Wirth discovered 
that a paracentesis pertort ed on one eye of 


rabbits which had been subjected to intra 


venous perfusion of para-amino hippuric 


icid, in some instances produced a complet 
or almost complete cessation of flow of 
wjueous humor in the opposite eye 

Becker obtained a flat tonogram on one 
eve when the other eve was strongly com 


was suggested that the 
of both 


Here 


flatness was the 


too it 


pre ssed 


result of cessation 


inflow and outflow 


Kornblueth ind Linnet ittet perforn 


ice of tonography Ove! i period of four 


minutes on one eye of a rabbit, observed on 


* 
Fror the ) (Jspe M 
lege ot Medicine, University of 


United States Public Health G1 


ented before the East-Centr 


SPURGEON, 


Pu.D 


hi 


pressure that 


Phe rate ot 


the other eve an intraocular 


lower by nine 
flow 


\ similar phenomenon has been observed in 


was percent 


aqueous was decreas d by 


human eyes 


From the experiments of Priye ind 
Stone™ it appeared that in rabbits, compres 
sion of one eve is followed by a decrease 1n 
the intraocular pressure and in aqueous flow 
of the contralateral eye. This omenon 
was not found in atropinized rabbits, a tact 
which suggested the possible r f the 
parasympathetic nervous syste n this re 
action Phe iuthors pointed out the poss 
bility th n human eves conventional cli 
cal tonography of the first eye ght afttect 
the tonoger;ra il ics of the s« I l eve 

Similar observations were v Ballin 
tine.’® who stated that “Frequently the inti 
ocular pressure of the second eye decreas« 
spontaneously while tonogray] hy is being pet 
formed n the first and occurs vhethe eft 
or right eve is used first. The cause of the 
effect is unknown. It can frequently b 
avoided or reduced by waiting t or mort 
minutes before examining the second eve 
Usually the effect is small and does 
seriously interfere with interpretatior 

Stocker showed that if second ton 
wnetric reading is taken fou nutes atte 
the first one, while the electronic tonomet« 
has been resting on the other e\ luring the 
four nute inte il, the pressure in the eye 
on which tonography was nm ert 
iveraged 2.37 Hg lower for 12 nor 
glaucomatous eyes, and 3.25 m owe! 
eight glaucs matous eves There was a seo 


al giaucomal 


and one 


low eve had been subjected t 


pressure norn 


eve after the fel 


tonometry for four minutes 
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INFLUENCE 


Our purpose in the following study was to 


provide answers to the following questions 

To what extent does tonography per 
formed on one eye of a subject affect the 
tonographic values obtained for the other 
eye What are the average and extreme 


Do they occur in all 
do the 


values of the changes? 


normal eyes, or only in some? How 


changes in eyes with chronic simple glau 


coma compare with those in normal eyes? 


We used only two time intervals, two and 


four minutes, between tonographies, defer- 


ring a full answer to the question of how 


much time must elapse after tonography on 


the first eye before tonography can be per 


formed on the second eye without being in 


fluenced by the first tonography 


out on 32 nor 


Our studies were carried 


mal eyes 16 subjects nd 1S eves aftected 


chronic si (24 subjects) 


mple glaucoma 


The diagnosis of chronic simple glaucoma 
was established on the basis of increased in 
traocular pressure, substantiated by a com 


plete ophthalmologic examination, and, when 
with 


The 


necessary, by provocative tests. Eyes 


absolute glaucoma were not included 
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pletely healthy persons were included. The 
ages of the normal group were comparable 
to those of the glaucomatous group. 

The tonographic studies were conducted 
using a Mueller electronic 


tonometer with the recording unit. All equip 


standardized 


ment was carefully cleaned and calibrated 
before each determination. Tonography was 
performed with the subject in the supine 
position, clothing loosened around the neck, 
and eyes in the primary position. The lids 
were retracted by means of a nonmagnetic 
self-retaining speculum. Great care was 
taken to avoid massage of the eye during the 
testing. For the glaucomatous eyes the use 
of miotics was discontinued for a period of 
48 hours prior to and during the test. 

tonography was 


On the first day per 


formed first on the right eye, then on the 
left eye. After two or three days, using the 


same subjects, tonography was performed 
first on the left eye, then on the right eye. 
For each subject the tonographies were per 
formed at the same hour of the day in order 
to minimize the diurnal variation effect. 

The basic data obtained are presented in 
lables 1 to 4 

[wo series of were 


experiments per- 


subjects with normal eyes had a physical formed. In the first series (six normal sub 
examination prior to testing, and only com jects, seven patients affected by chronic 
TABLE 1 
[ONOGRAPHIC VALUES FOR NORMAL EYES: WITH A TIME INTERVAL OF TWO MINUTES BETWEEN TONOGRAPHY ON 
HE FIRST EYE AND TONOGRAPHY ON THE SECOND EYI 
O.D. before O.S O.S. before O.D 
Case 
| Cc I P P, ( I P 
1 OD 1.46 0.26 $.75 18.27 16.38 0.26 3.84 14.79 
OS »? 60 0.27 5.21 19.30 19.10 0.26 $.29 16.50 
2 O.D +. 30) 0.24 1.97 20.71 29.01 0.25 6.22 4.89 
OS 1 44 0.23 3.20 18.25 9 SO 0.71 29 
3; OD 66 0.29 6.36 .96 80 0.31 §.75 18.57 
OS 0 35 6.49 18.57 25.40 0.41 1.61 
ij; O.D 1.08 0.28 1.19 18.57 17.90 0.30 4.68 5.60 
OS 18.82) 0.30 1 97 16.26 19.20 0.30 4 93 16.45 
5 Op 1 &5 0.38 7.03 18.50 22.95 0.43 8.86 19.45 
OS 16.25 0.21 3.01 14.34 4.10 0.22 4.27 20.61 
6 19.10 0.33 5.44 16.50 18.90 0.31 16.30 
O.S 16.90 0.36 5.33 14.82 21.80 0.39 7.24 18.57 
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TABLE 2 
LONOGRKAPHIC VALUES FOR EYES AFFECTED BY CHRONIC SIMPLE GLAUCOMA: WITH A TIME INTERVAI OF TWO 
MINUTES BETWEEN TONOGRAPHY ON THE FIRST EYE AND TONOGRAPHY ON THE SECOND EY! 


O.D. before O.S. O.S. before O.D 
Case 
P, ( I Po P, ( I P 
1 OD 36.20 0.10 3.11 31.15 33.78 0.11 3.21 29 .22 
OS 31.90 0.12 3.30 27.53 35.20 0.16 4.88 23.50 
2 O.D 32.80 0.08 2.26 28.35 27.70 0.09 ?.11 23.50 
OS 29.90 0.06 1.43 23.88 3? 00 0.07 1.9 27.32 
3 OD. 32.80 0.12 3.50 28.35 3.00 0.12 2.54 19.58 
O.S 29 .90 0.17 4.08 25.61 9 90 0.17 4 35 25.61 
4 OLD. 38.64 0.12 95 2.94 37.20 0.07 2.26 32.32 
OS 34.60 0.16 5 61 33.50 0.14 4.05 95 
5 OLD. 26.50 0.23 5.18 22.55 4.60 0.25 5.25 71.01 
O.S 25.70 0.22 4.81 21.92 4.00 0.18 3.67 0.41 
6 O.D. 39.16 0.04 1.36 34.02 38 50 0.10 3 35 33.52 
OS 37 .20 0.08 2.58 32.32 41.30 0.18 6.2 34.77 
7 OD. 24.30 0.13 2.69 20.71 24.60 0.13 2.32 1.01 
O.S. 22.40 0.12 2.28 19.00 23.80 0.1 2.83 20.28 
FABLE 3 


TONOGRAPHIC VALUES FOR NORMAL EYES: WITH A TIME INTERV AL OF FOUR MINUTES BETWEEN TONOGRAPHY 
ON THE FIRST EYE AND TONOGRAPHY ON THE SECOND EYI 


O.D. before O.S O.S. before O.D 
Case 
P, ( I P P ( i P 
1 OD 25.36 0.20 4.32 21.61 6.42 0.17 3.84 22.61 
OS 23.00 0.18 3.52 19.58 »9 20 0.15 3.60 24.04 
> OLD. 25.70 0.26 5.68 21.90 25.00 0.34 7.24 21.31 
OS 6.50 0.28 6.31 22.55 25.74 0.35 7.70 22.0 
; OD 16.90 0.24 3.75 14.82 17.10 0.19 2.81 14.80 
OSs 18.50 0.21 3.36 16.01 13.40 0.18 2.19 12.21 
it OD 1.50 0.19 3.46 18.25 22.10 0.24 13 17.32 
OS 23.00 0.23 1.50 19.58 ? 60 0.28 5.44 19.45 
5 Oop 23.40 0.24 1.80 20.03 22.12 0.18 3.39 8.87 
OS 21.80 0.26 4.82 18.57 6.42 0.23 5.20 ? 61 
6 OLD. 23.30 0.37 7.41 20.03 5.00 0.37 7.88 21.31 
OS 1.46 0.35 6.39 18.27 26.04 0.35 7.65 22.61 
7 OD 0.28 5.44 19.45 0.24 0.34 5.97 17.56 
OS 23.40 0.38 6.84 17.76 22.76 0.3 7.47 19.43 
8 O.D 18.90 0.21 3.42 16.30 16.25 0.21 3.01 14.34 
OS 17.90 0.22 3.43 5.60 15.60 0.27 3.73 84 
9 OD 22.95 0.27 5.25 19.45 21.80 0.22 4.07 18.52 
OS 18.50 0.24 3.84 16.01 23.96 0.25 5.10 20.41 
10 OLD 23.00 0.24 4.69 19.5 »5 40 0.26 5.37 0.76 
OS 20.24 0.23 4.03 17.56 24.20 0.29 5.26 21.61 


lTONOGRAPHK 
MINI 


Tt) 


and 


In 


i¢ 


S¢ 


rES BI 


the 


17 


VALUES FOR 


IWEI 


] 1ucol 


cond 


secol 


INFLUENCE OF TONOGRAPHY 
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O.D 


90) 
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1) the 


tonography\ 


id 


APHY 


TED BY 


rHt 


before 


CHRONIC 


weel 


yrmal 


rABLI 


SIMPLE GI 


EYE AND 


FIRST 


OS 
P 


96 
96 


09 


20 .00 


22.09 


the fi 


two minute 


subject 
pie 


and second 


ALC 


TONOG 


means 


OMA 


RAPHY 


of 


rs 


WITH 


1 
the 


FOR 


A TIME INTERVAL OF 


ON THE SECOND EY! 


O.S. before O.D 


ind t-tests as described by 


AND DISCUSSION 


rWO-MINUTE INTERVALS 


and 
between 
tonography was four 


summarized in] 


data 


are 
The were 


The resul 
nographi S 


presented 


ts of the analyses for the to 
with two-minute intervals are 
il eyes) and 7 
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im 
P ( P I P 
1 O.D 25.66 0.29 6.36 21 25 .82 0.19 22.01 
OS 25.66 0.19 4.17 21 29 .56 0.13 3.27 25.21 
18 05 0.08 2.88 38.64 0.15 5.54 32.94 
OS 31.30 0.10 2.69 26.95 33.04 0.20 5.58 7 .98 
34.70 0.12 3.60 30.02 32.30 0.17 4.74 27 .93 
Os 31.90 0.12 3; 27.53 30.03 0.12 26.01 
O.D 13.48 0.14 ? 80 5.24 0.15 3.29 21.95 
OS 0.14 3.09 29 .90 0.13 2.10 24.49 
5 Oop | a) 0.20 5.50 27.53 27.94 0.15 3.61 24.12 
Os 2 70 0.15 3.69 24.64 28.70 0.10 2.44 24.49 
6 OD 9g SO 0.12 3.02 25.21 3? 80 0.08 2.26 28.35 
Os 33 74 0.15 1.38 29.2? 33.50 0.17 $.96 29.2? 
7 OD 3.40 0.71 36 83 21.48 0.25 1.64 18.57 
OSs ON 1 68 1.31 22.12 0.25 1 75 19.00 
8 O.D 31.3 0.28 7.01 5.09 31.90 0.20 5.50 27.53 
Os 31.10 0.24 5.96 24.85 34.70 0.09 2.70 30.03 
23 5.79 27.85 33.50 0.35 7.65 30.62 
OSs 31.90 0.14 3.85 27.53 30.30 0.12 3.13 6.11 
10 OD 3? 00 0.25 6.83 7 . 32 32.00 0.14 3g? 27.32 
OS 3? 74 0.17 4.79 28.20 31.5? 0.12 ey 26.90 
1] 0.16 1.16 01 .94 0.17 4.06 23.92 
OS 30. 3 0.23 5.98 6.01 8.70 0.15 3.69 24.64 
1? O.D 39 10 0.15 5.10 34.02 34.60 0.18 5.32 29.61 
Os 32 5 0.20 6.70 33.5) 35.16 0.22 6.56 29 8? 
13 OD 3f 0.17 1.42 26.01 . 22 5.10 23.20 
Os 75 0.19 1 24.64 24.60 1.73 22.55 
14 OLD g 0.1? 3.50 28.35 30.30 0.15 3.90 26.01 
OSs Of 0.17 O8 RB 34.70 0.19 5.70 30.02 
OLD 4 60 0.15 3.38 >? 55 31.52 0.30 8.07 6.92 
Os 1 0.13 O3 55 3? 00 0.24 6.55 27.32 
16 OD 1.1 0.20 5.18 5 61 3? 30 0.14 3.91 27 .93 
Os 2 30) 0.16 5.06 7 .93 10.46 6 O8 » 10 26.35 
17 18 0.10 3.60 36.09 1? 90 0.14 1.40 31.36 
OS 14.00 0.13 +.42 $4.00 13.60 0.15 5.84 32.16 
series (10 R 
RESULTS 
first 
{ il 
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(glaucomatous eyes). These tables show the The F-test, which compares the variances, 
averages of the tonographic values and showed no significant differences for any of 
whether the differences are statistically sig the tonographic values. 
nificant at the five percent level he maximum changes of tonographic 
\ll of the intraocular pressure averages values found with two-minute intervals be 
were higher for the eyes on which tonogra tween tonographies are presented in Table 
phy was performed first. However, none of 8. This table also shows the number of eyes 
the differences between the intraocular pres in which the tonographic values increased, 
sure averages was significant by the t-test decreased, or remained unchanged. It is to 
Similarly, none of the differences between be noted that the intraocular pressures de 
the facility averages or the flow averages was creased in the second eye considerably more 


significant by the t-test often than they increased 


rABLE § 


NUMBER OF NORMAL AND GI ALCOMATOUS EYES 


STUDIED AT TWO TIME INTERVALS The results of the analvses for the to 


RESULTS FOR FOUR-MINUTE INTERVALS 


nographies with four-minute int als are 
between Eves Studied presente d 
lonographies 
(Min. ) rmal Glaucomatous 


in lables Y (normal eyes) and 


natous eves ) Che se tables show 


the tonographic values and 


7 whether the differences ar tatistically sig 


nificant at the five-percent le\ 


rABLE 6 


AVERAGI PFONOGRAPHIC VALUES OBTAINED FOR NORMAL EYES WITH TWO-MINI 
INTERVALS BETWEEN TONOGRAPHIES 


Normal right eye 
Right eve first 


Right eye second 


Normal left eves 


Left eye first 
Left eve sec« 


NS—no statistic 


TABLE 7 


\VERAGE Te GRAPHIC VALUES OBTAINED FOR GLAUCOMATOUS EVES WITH 
rWO-MINUTE INTERVALS BETWEEN TONOGRAPHIES 


Glaucoma, ‘US right eves 


Right eye firsi 
Right eye 
Glaucomatous left ey 
Left eve first 25.84 
NS 


Left eve second 25.69 


NS—no statistically significant difference it the 


2 6 = 
4 10 
P ( | 
19.10 0.297 5.457 
NS NS NS 
19.82 0.298 5.647 
NS NS NS 
d 16.92 0.287 1.702 
P ( | 
0.1171 3.150 
NS NS 
0.1257 064 
0.1486 3.417 
NS VS 
0.1329 
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8 
FREQUENCY AND MAGNITUDE OF CHANGES OF TONOGRAPHIC VALUES WHEN TONOGRAPHY WAS PERFORMED FIRST 
ON THE OTHER EYI WITH TWO-MINUTE INTERVALS BETWEEN TONOGRAPHIES 


Maximum Maximum Maximum 
Change Change Change 


Normal eyes 
No. of increases 
No. of decreases 
No. with no chang 


0.05 
0.06 


Glaucomatous eyes 
No. of increases 
No. of decreases 
No. with no change 


Here again, all of the intraocular pres on the normal left eyes first the variance of 


averages were higher for the eyes on’ the intraocular pressures was 3.4 times 


d first. How greater than when tonography was _ per- 


sure 


which tonography was pet 


ever, none of the d ren between the formed on the same eyes four minutes after 


intraocular | iverag was signifi the right eyes 


test showed The maximum changes of tonographic 
ined on normal values found with four-minute intervals be 
tween tonographies are presented in Table 

11. This table also shows the number of eyes 

in which the tonographic values increased, 

decreased, or remained constant. In this table 

1in we find that the tonographic values 


performed on these « 


nificantly so. There increased in some eyes and decreased in 


differences found between tl ag others, so that no hard and fast rules can be 


values for glaucomatous eyes. The averages given regarding the effect of the order in 
for the facility values also showed no sig which tonography is performed 
nificant differences by lhe only regularities which appear in these 


As indicated by th ( none of the data are the decrease in flow in normal left 


variances airs were significantly different eyes when tonography is performed first on 


except for intraocular p f normal the right eyes, and that the average intra 


left eyes. When tonography was performed ocular pressures are slightly lower for thos« 


rABLE 9 


ALUES OBTAINED FOR NORMAL EYES WITH FOUR-MINUTI 
INTERVALS BETWEEN TONOGRAPHIES 


Normal right eye 


Right eve first 
Right eve 


Normal left eve 


Left eve first 


Left eve 
ve percent le 
ve percent level 


ve percent level 


135 
P 
9 7.0 7 2.37 
0 2 0 
{ 1.0 7 0.06 6 1.99 
) 8.8 5 0.10 8 3.63 
0 
cant by the t-test. TI 
that the average flow obi 
left eves was significantly 
nography was performs 
The average flow found w 
eves was also higher yhet 
P ( I 
19.12 0.250 4.822 
NS NS NS 
18.74 0.252 1.771 
a 19.80 0.274 5 334 
Si} NS 
0.258 t.704 
by either the I t- teat 
S(t 
S(t eans sig fferent at the fi 
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TABLE 10 


AVERAGE TONOGRAPHIC VALUES OBTAINED FOR GLAUCOMATOUS EYES WITH FOUR 
MINUTE INTERVALS BETWEEN TONOGRAPHIES 


Glaucomatous right eye 


Right eve first 
Right eve second 


Glaucomatous left 
Left eve first 


Left eve second 


NS o statisti 


groups of eyes on which tonography was ever, Birch-Hirschfeld™* has pointed out the 
performed second. Although the differences possible role of a central nervous center 


between the average intraocular pressures Prijot and Stone’ have suggested the poss! 


are not significant for the small sample sizes le »f the parasympathetic ner\ 


used in this work, it is possible that tests 


on larger samples would show the differences Consensual changes of the 


ividual cases either pt ure have usually been a 


to be significan 
increases or dec substantial amounts vascular action, and 
can occur in all of the tonographic values [ consensual change note 
Consequently a time in il greater than is al lependent on a Vv 
four minutes 101 elapse between to arany and Wirth;™ Linner 
nographies perfor 1 on eves of the same Che first phenomenon, accor 


individual, can be ascribed to a great increase in ] 


1 
he 


Granting that tonography does produce bility of the vascular endothelium and of 
consensual ophthalmotonic reaction in some _ the ciliary epithelium. One possibility would 
subjects, it is of interest to summarize the _ be that a great increase in permeability takes 
reasons which have been suggested for such ace 1 posterior chamber of the second 
effects ye ne excess osmotic pressure of 

Most authors suggest that such reactions iqueous would thus be reduced or abolished 
are due to a nervous reflex from one eye to and with it the probable driving force for 
the contralateral eye. Some think that the flow ( Barany and Wirth") 


reflex is direct (Magitot® Weekers':?). How Whatever the reasons, tonog1 


TABLE 11 


F REQUENCY AND MAGNITUDE OF CHANGES OF TONOGR APHIC VALUES WHEN TONOGRAPHY WAS PERFORMED FIRST 
ON THE OTHER EY WITH FOUR-MINUTE INTERVALS BETWEEN THE TONOGRAPHIES 


Maxin 


Normal eyes 
No. of increases 
No. of decreases 
No. with no cha 


(;laucomatous eves 
No. of increases 
No. of decreases 
No. with no change 
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P ( I 
7 09 0.1735 +.558 
NS NS NS 
26.48 0.1782 +.705 
eyes 
NS NS NS 
26.27 0.1665 +. 391 
Pe g t difference at the five percent level by either the I w t-test 
ribed to a 
t possible 
lin the flow 
Teplat®* 
pla 
io to Leplat 
lg | 
aphy per 
Maxi Maxim 
| ( I } 
Change Change Change 
; 82 7 0 08 6 1.56 
10 0.07 14 1.41 
ge ] 3 0 
1.3 19 0.15 4.69 
ID 6.2 i4 0.11 13 3.62 
1 0 


INFLUENCE 


formed first on normal right eyes definitely 
decreases the flow in the corresponding nor 
mal left eyes, on the average. With larger 
samples a corresponding reaction on the flow 
from normal right eyes when tonography is 
performed first on normal left eyes could 
More data 


also be necessary to show conclusively by 


probably be demonstrated will 


our experimental method that intraocular 


pressures, on the average, are reduced by 


tonography on the fellow eye. 
CL ONCLUSIONS 


data indicate, but with these small 


samples do not prove, that in 


The 
a group of 
individuals the average intraocular pressure 
for either right or left eyes, normal or glau 
comatous, is decreased by prior tonography 

The 
for normal eyes and 


but 


on the contralateral eves decreases 


ranged up to 7.0 mm 


8.8 mm. for glaucomatous eyes, in 


creases up to 4.2 mm. for normal eyes and 
4.3 mm. for glaucomatous eyes were also 


observe d 


OF 
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The average facilities are not significantly 
changed in either right or left eyes by prior 
tonography on the contralateral eyes. This is 
true for both normal and glaucomatous eyes. 

The average flow in normal left eyes is 
significantly higher (five percent level) when 
tonography is performed on these eyes first, 
with four minute intervals. The trend is in 
the same direction for normal right eyes with 
the same intervals, but the difference is not 
significant. None of the differences between 
average flows is significant for normal eyes 
at two-minute intervals, or for glaucomatous 
eyes at either interval. 

In individual subjects both increases and 
decreases are noted for all tonographic values 
following tonography on the contralateral 
eye. Therefore no general rule can be given 
to cover all cases. 

Clinica Oculistica, Ospedale Maggiore 

2034 Dallas Avenue (39) 
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A CONTRIBUTION TO THE INJECTION TECHNIQUE FOR 
STUDYING RETINAL BLOOD VESSELS* 


H. | 


Toronto 
which has 


Each of the methods 


been used to study the retinal vascular sys 


various 


tem has one or more disadvantages. Injec 


‘ 


tion of the vessels with India ink*"* or with 


other dyes**:*® either through the arteries or 
veins displays the shape and caliber of the 
vessels but leaves invisible the structural de 
tails of their walls. In corrosion cast prepa- 
(for 
1 


rations’ an indigestible material ex- 


ample, or vinylacetate™’**) is in 
jected into the vessels and, after allowing for 
a period of hardening, the surrouding tissue 
is digested away. These preparations also 
provide a satisfactory means of studying the 
but give no 


the 


vascular tree in its continuity, 
the of 


walls. Histologic sections, on the other hand, 


information on structure vessel 
using such stains as the PAS ( Hotchkiss) or 
Feyerter’s procedure, reveal only short dis 
tances along the individual vessels and give 
little impression of the vascular tree in its 
continuity. 

In our technique we inject the retinal ves 
sels with silver nitrate and then expose the 
whole retina to a bright light. The portions 
of the vessel walls which imbibe the silver 
nitrate, particularly the reticular fibers and 
intracellular cement substances, are 
Thus the 


can be studied in its continuity and also some 


the 


stained brown retinal vascular tree 


structual details observed in the vessel walls. 


INTRA-ARTERIAL INJECTION OF THE RETINAI 


VASCULAR TREE WITH SILVER 


NITRATE IN RATS 

For injection purposes we use a pressure 
pump attached to a Wolff bottle. A mercury 
manometer allows for reading the injection 


pressure. Albino rats are given 0.1 cc./100 


*From the Departments of Ophthalmology and 
Presented 
1959. 


Physiology of the University of Toronto 
before the East-Central Section, 
Cincinnati, Ohio 


January 5, 


13 


Hauster, M.D., AND 


M.D. 


Ontario 


M. Srpay, 


gm. body weight of heparin intravenously 


They are then killed with an overdose of 


ether. The abdominal and thoracic cavities 
are opened and a glass tube is tied into the 
descending aorta, the tube pointing toward 


The a Wolff 


bottle containing the solution to be injected 


the heart tube is connected to 


gular and the inferior caval vein 


t 


Soth the ju 


are incised to provide adequate outflow on 


the venous side. The animal is then perfused 


with saline at pressure of 110 mm. Hg until 


clear saline returns through the jug 


veins. Next, distilled water is injected at 


Che water is 


initial pressure of 110 mm, H 
left in the vessels for five minutes by clamp 


the Wolff 


The clamp is then removed and the 


ing the connecting tube from 


bottle. 


flow resumed. Any blood not washed out by 


the saline 1S hemolized by the water and 


flushed from the system. The infusion of 
distilled 


five-percent formalin in saline to fixate the 


is followed by injection of 


water 
blood vessels. The formalin-saline is in turn 
washed out with distilled water 


solution 1 


A three-percent silver-nitrate S 
injected at a pressure of 120 mm. Hg until a 
liberal outflow from the jugular veins is ob 
served. The animals’ eyes are then exposed 
to sunlight or a powerful (500 watt) electric 
bulb. The exposure time, depending on the 


light source, is one to three minutes. During 
the period of exposure to light the corneas are 


The 


fluous silver nitrate solution is finally washed 


kept moist with drops of saline super 


out from the vascular system, using water, 


and the cannula is disconnected from 


aorta 


The eves are enucleated and stored in 10 


percent formalin-saline for one to two days. 


They are sectioned equatorially just behind 


the limbus, and the retina teased from the 


choroid. The retinas are transferred to glass 


slides on which a few drops of 10-percent 


_ 
tne 


STUDYING RETINAL BLOOD VESSELS 


1 Sibay). Region of the optic disc, with five main arterioles 


1 veins in distribution peculiar to the rat 


formal-saline have been placed. In order to with the five main arterioles and veins in a 
spread a retina on the slide a few incisions distribution peculiar to the rat. Arteries show 


are made meridionally. Permanent slides can a ribbonlike radial pattern due to the stain- 


le by subjecting the tissue to the usual ing of the perimysial fibrils.* In capillaries 


ve made 
histologic clearing procedures. The vessels and venules argyrophilic fibers are distrib 
in these preparations can be viewed from uted more irregularly in both an axial and 
either the vitre: horoidal side radial pattern. 


Figure 1 shows the region of the optic disc 


Fig. 3 (Hausler and Sibay). Capillaries branching 


ff from one of the main arterioles 


139 
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Fig. 1 (Hausler 

Ae 
reti pillar € apparent 


R. HAUSLER 


The 
venule 


(Hausler and Sibay) ending 


of a capillary into a 


In Figure 2 some of the retinal capillary 
loops are apparent. Two distinct capillary 
networks were observed in the rat, one super 


ficially in the nerve-fiber layer and one deep 


AND T. M. SIBAY 

at the border of the inner nuclear and oute1 
plexiform layer. The deep network is denser 
than the superficial one. The figure shows 
vessels in the superficial layer. The deep net 
work can be dimly seen. 

Figure 3 shows one of the main arterioles 
giving off capillaries. The radial distribution 
of argyrophilic fibers which is clearly seen 
in the arteriole changes into an axial pattern 
on the capillary. 

Figure 4 shows the ending of a capillary 


into a venule. While there is an axial pattern 


of argyrophilic fibers in the capillary the 


venule shows both an axial and radial pat 
tern. 
SUMMARY 

An injection technique is described which 
allows the study of the retinal vascular tree 
in its continuity. It is possible to observe the 
shape and caliber of the vessels and structural 
details in their walls 

1050 Avenue Road 
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VERGEN( ACCOMMODATION: DEFINITIONS 
OF THE AC/A RATIOS 


Pu.D.. Witrrep M. Kincaip, PH.D., AND 
Marvin J. Lupecx, M.D 
Ann Arbor, Michigan 


this eve saw a small point source 


, , viewed as a stigmatoscope by means of a 
The imecrease of ; odation of one 
Badal optometer arrangement. The subject 
eve IS INnVaTIavD iccol anied 
rot ition ( vergence n ment of the other could move the object source along the right 
verg vement thet 
arm of the haploscope and find the point 
focciuded) eve SO Tt the acte STICS ‘ 
conjugate to the retina by setting the light 
hed»? The n no until it was seen sharply focused in the 
, ’ center of the chart of letters. The mirror 
closely related to the lal accommoda 
tion than to the cl in its stimulu In before the left eye was prevented from trans 
tion than to e ch ts sti s - 
] at Ss 
the present paper a w iw welll lia alia mitting any light at all so that this eye did 
t | 1antified will be developed. In not view the chart but merely a similar point 
ion can be quantified will be develope ; . 
source of light slightly below that one seen 
a seTies O men Mag 1 ae o 
g 
; oil ‘nui by the right eye. This arm of the haploscope, 
iccommodative por ink ergence - - 
however, was permitted to rotate freely 
iround the center of rotation of the left eye 
1 , ntiallv th The task of the subject consisted in (1) 
stimulus Va il ( I essentila 
Te” idjusting this arm of the haploscope so that 
Same manner a lal ( aqaina prey ous 
ts differ the two stigmatoscope lights were vertically 
ments 
' iligned over the center of the test chart, 
ments were 
and in (2) setting the source of light on the 


right arm of the haploscope so that it was 


in sharpest focus, while simultaneously (3) 
ictively reading the smallest visible row of 


the test chart. In this way simul 


ies served is 


taneous measurements were made of the 


} han] 
Naploscopre 


horizontal heterophoria (by the vergence 


djusted so that scale of the left arm of haploscope ), of the 


accommodation stimulus (by the magnitude 
of the lens placed in the lens cell before the 


right eve), and of the accommodation re 


ned the  snonse (by th position of the object light 


source of the stigmatoscope on the right 


rection, and (4) arm of the haploscope). This process was 


pup! repeated three times in any given experi 


efle on mental session tor ¢ ich accor ymodation stim 


ulus 


Che accommodation stimulus was varied in 


one-half diopter steps from a negative stim 
ulus of 4.0 diopters to a positive stimulus 
of 10.5 or 11 diopters. With the usual ar 


rangement of the haploscope higher positive 


( eT a mucn \ Tanive OF stil l 
Mr 
letters 0) 
the subiect Saw witl 1 oht eve ) i test 
chart at the other end of the roor 3.45 1 Po 
1 1 
‘ | M Presente 
Prof. J. G. Wendel of the M tics Department 
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accommodation stimulus values were mm 


possible because the associated vergence 


movements were usually so large that the 


subject’s nose interfered with the inward 
To obvi 


234 
32 


rotation of the left haploscope arm 


ate this difficulty ) trial 


a rather strong | 


case prism was placed base out in the lens 
cell of the left arm of the haploscope.* 
Suitable 


throughout each experimental session and the 


rest periods were interspersed 
entire procedure was repeated four times for 
two of the observers. The letter chart (three 
rows of ten 20/20 letters) was illuminated by 
an Argus projector which supplied sufficient 
illuminance to give an approximately five 
field 


retinal illuminance 


degree square and 910 trolands of 


All stray light was care 
fully screened from the subject’s eyes. To 
insure that the subject focused on the letters 
and not the stigmatoscope light, a cam op 


erated microswitch introduced between the 


optometer lights and the power supply 
flashed these lights on one second in every 
two 


RESULTS 


The mean data for each of the two sub 
jects most extensively tested (they are typi 
cal in every way of all data obtained) are 
summarized in Figure 1. In this figure each 
plotted point is the mean of 12 independent 
determinations. For reasons which will be 


come obvious, it is important to represent 


the data on three separate graphs 
Che 


tween accommodation 


top graph shows the relation be 


response and accom 


modation stimulus. For intermediate levels 


the accommodation stimulus change effec 


evoked an 


Over a wide range the relationship between 


tively accommodation response 


the response and the stimulus was essentially 


* The exact deviating 


measured at the cer 
was calibrated by tw 


closely agreed with eacl intormation is 


relevant only to the absolt alu »f e heter 


ophoria and is of no consequ for the relative 


values (the concern study) since 


the prism remained in tl ame position throughout 


all the measurements 


KINCAID 


dures d 
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a linear one. Like all other physiologic vari 


accommodation has a 
value \s 


limits were approached the response departed 


ables, however, the 


minimum and maximum these 
somewhat from linearity and when the stimu 
lus change was greater than that ne cessary to 
evoke an extreme response in either direction, 
then either no further change in the respons« 
was evoked or a slight change in the wrong 
direction was elicited 

The middle graph in Figure 1 shows the 


concurrent vergence measurements as a 


function of the accommodation stimulus. For 


OIOPTERS 
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Relation of the 


accommodatio! 


"ee 
. 
. 
4 
ee 
. 
e* 
20 30 40 
SCC Fig. 1 (Alpern, Kincaid, and Lubeck). Results 
the experiment ror tw observers The | tte 
er of rotation of the left eye in tour separate experimental sessions. The straight 
independent methods whicl lines have been determi 1 by tl tatist l pr 
in na 1 determine y e Sta ical proce 
iph) Relatior 
tive vergence to the stimulus 
(Lower graph) Relation of accommodative ver 
gence to accommodation respons 


VERGENCE AND 


those stimulus values in which the accom 
modation response was linearly related to the 
stimulus, this graph shows that the vergence 
related to the 


At the lower limit 


7 
movement was also linearly 


accommodation stimulus 
of the accommodation stimulus the vergence 
reached a minimum value at approximately 
the same stimulus value as did the accom 


modation response and in this case also a 


further decrease in stimulus evoked 


either no change in or perhaps a 
slight movement in the opposite direction, At 
the upper limit of accommodation, however, 
an increase of the mulus continued to be 
associated with an increase of vergence even 
when the stimulus change no longer was as 
sociated with an increase of accommodation 
In fact, the stimulus evoked larger vergence 


movements here than at lower levels 


Che 


between the two dey endent vat 


lower graph shows the relationship 
iables (that is, 
accommodation response and _ vergence). 


Over the range in which the accommodation 


stimulus and response were linearly related, 
nmodation re 
This is 


iments of this 


the re lationship between 
sponse and vergence was also linear 
in invariable finding in « 
kind. Outside 
tween accommodation response and vergence 
linearity As the 


levels the 


this range, t relation be 


also departed from two 


other graphs suggest, 


vergence continued to rease long after 


the accommodation had reached a 


maximum value. Because of the current con 


literature ver the relative 


linearity of such data 


troversy in the 
in the bottom 
two graphs in Figure 1 it sh » em 
phasized that when the 

over a gamut of 
sufficiently larg if 


which is these 


When an eye :; mmodates the 


and it 1 ow proposed that the 


two eves 
converge 


otor innervations to ti two 


proce SSCS 


have a common point of gin in the central 


nervous system, that thes« 


innervations are 
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linearly related to each other, and that they 
are evoked simultaneously by a change in 
accommodation stimulation. An example of 
evidence which supports this theory is the 
linearity of the relation of accommodation 
and vergence over the range of stimulation 
in which the accommodation response is 
linearly related to its stimulus and the lack 
of linearity beyond that range 

In the neighborhod of the near point of 
accommodation, it may be imagined that a 
unit change in accommodation stimulus still 
evokes a coresponding change in the accom 
modation innervation but owing to the sclero 
sis of the lens this innervation no longer 
evokes an accommodation response compar 


able 


Figure 1 shows that 


to what can be obtained at lower levels 


at this limit of accom 
modation the vergence continued to change 
as the stimulus changed, and this would be 
explained as accommodative vergence associ 
ated with increase in the innervation to ac- 
commodation which failed to produce any 
further increase in accommodation because 
of the sclerosis of the lens.* The figures sug- 
gest that as the near point of accommodation 
was approached, a unit change in the accom 
modation stimulus evoked a greater change 
in the vergence than it did at levels in which 


the stimulus-response relation was _ linear. 


Within the 


this effect can be int rpreted as an increase 


present theoretical framework 
in vergence which was associated with an 


increase in innervation to accommodation 


when the normal amount of innervation to 
accommodation elicited by a unit change in 
the stimulus failed to evoke the anticipated 
While it 


some of the 


iccommodation response was a 


less common finding results 


that a similar (but much smaller) 


Ssugygest 
change in the relation between the stimulus 


to accommodation and the magnitude of 
motor innervation may occasionally occur in 
the neighborhood of the far point of accom 


modation 


noniinea 


1 vergence have 


be best explained as 


« 
— — 
curves \ 
l are eve neat 
T 

tte rar;r ] 

Se vhic ; 
bed®* 
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In order to quantify this relationship be- 


tween accommodation and vergence if 1S 


best to state the theory m algebraic form. 


We introduce the following notation 


u= magnitude of central motor innervatior 


X =accommodation stimulus 


Y, = measured accommodation respo~se 
\ 


= measured accommodative vergence 
= physiologic variation in central innervation 
y'.= physiologic variation in accommodation 
y’'.=physiologic variation in accommodative vergence 
=error in measurement of accommodation 
7 ’.=error in measurement of accommodative vergence 
Be, Kew & 


, 


The quantities Y,, Y’., and so forth, may 


be regarded as random variables having zero 
mean values 


The basic theoretic position (stated above) 


may also be expressed by the following three 


equations 


Y.=m,,u+k 


From the foregoing relations, we see that 


May and m.y represent the mean changes in 


accommodation and vergence, respectively, 


induced by a unit change in central inner- 


vation. Thus the ratio m,.,/n may be re 


garded as the ratio between innervation to 


vergence change and innervation to accom 


modation. This ratio will be designated as the 
resp 


nse AC /A rat 


Combining (1) and (2) we obtain the re 


lation 


whe 


( mmodatior 
whicl ce modatior st‘? ilus-response 


rve is line tion equally 
npatible h tl hove tf ‘ Iso been 


wit! the 


Rep ited atter pts 


lemonstrate anv 


he subse cts 
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Similarly, we get from (1) and (2 


Y.=m.X+k,4 
with 


(4) 


accommodation 


The relations and state that meas 


ured and accommodative 


vergence are linearly related to the accom 


modative stimulus, apart from physiologi 


variability and errors of measurement; thus 
4) and (6) correspond to the experimen 
tally observed relationships between thes« 
variables 

Combining (4) and (6) yields 


lation between and Y 


which shows that the response A(¢ 


the reciprocal of the coefficient of 


(8). In geometric terms, this means that the 
AC/A ratio is 
slope of a line that represents the relationship 


and 


Thus one might hope 


response the reciprocal of the 


between \ apart from random 


fluctuations 
proximate this ratio by fitting a line 
of points plotted as in Figure 2( 


Che 


such a 


usual least-squares procedure fo 


ting line is not appropriate 


howeve r, since both and \ 


case, 


both co ordinates of the plotted 


points 


assumed subject to random influences 
Another possibility is to minimize the sun 
of the squares of the perpendicular distances 


While 


well-fitting line, 


between the points and the lin this 
approach yields a reasonably 
it suffers from the drawback that the pet 
pendicular distance has no natural interpre 
the variables are tr 


Inde ed, 


units m 


tation since not geon 
d 


dep n Is 
17 


ire 


distances the line obtaine 


on the which the varia 
isured 
\t this pont we mav recall that 


of the stimulus X corresponding 
values of Y, and Y, also 


the data. In 


served 


rorm 


view of the relations (4) 
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relation hetweet ervence 
tne ra will the re ilues 
nart of 
ee | ea it example of this in anv of a 
so far examined and 
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\( ratio might be de 
the plots 


), the re sponse 


termined by fitting strat ines to 


of Y, against X and \ gaist X 


using (Y) 


ind then 


Since the errors in measurement of X may 


safely be neglected, it would seem appropi 


ate to apply the usual least cri 


squares 


terion in fitting these lines. However, it is 


apparent from (5) and (7) that the random 


components Y, and y, of Y, and Y, are not 


general independent of each other, and one 


ay wonder whether this lack of inde 


ndence should be taken iccount of im 


choosing the best fitting lines 
lo resolve this question, it is useful to re 
call 
regarded as a special case 


That is if 


situation with one 


that the least-squares criterion may be 


maximum 


likelihood principl one assumes 


in the usual curve 


independent and one dependent variable ) 


that random variations in th 


dependent vari 


are normally di with uniforn 


Variance, one can con pute the re ative proba 


bility that a repetition of the experiment will 


result in a repetition of the data if the me: 


value of the depend i ib] sa ified 


SDE 


function of the table. This 


probability, referred the likelihood of 


with the 
the 


of the ce 


the observed data, aril I ersely 


sum of the squares of the deviations of 


experimentally obtain ilues 


pendent variables fron ean values pre 
dicted by the fun likelihood 


tion, 


um when th m of squares 
likelihood 


general 


a maxXin 


a minimun Phe 


principle is also ore 


situations, howe which it may not cot 


nd to the criterion. 
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next step, therefore, will be to apply the 
maximum likelihood principle to the present 
problem 

random deviations 


Let us assume that the 


y. and y, have a joint normal distribution 


with zero means, standard deviations ¢, and 
z., and correlation ¢; that is, that they have 
the joint frequency function 


1 


1 


“Pye 

+— ). 11) 


Che likelihood be maximized the 


product 


taken over the 


Y,—m,X 


set of values of X for which 


observations were taken. In view of (10) and 


(11) 


izing the sum 


maximizing L is equivalent to mini 


13 


m,.X —k \ m,X —k ‘| 


6.0 


It is apparent that if ge = 0 this is equival 


ent to selecting the constants mg, ka, m., and 


1 


k. in accordance with the least squares cri 


terion, which means that they satisfy the 
conditions 
> (Y¥.—m,X—k 


> m Xx 


It is not obvious that the same conditions de 
termine the minimum when ¢e + 0. However 
we shall show that this is the case 


and k be 
the 


Let m values of 


the conditions 


14) 


parameters satisfying 


Phen (13) may be put in the form 


onship between 
ge (2) 
individu 

lid 


Valid ¢ 


nger valid. I1 


ymntinue to be 


10 
p? 
O-= 
mi 
ble 
— 
*X —k,*+(m,*—m,)X+k,*—k 
* X+k.*—k \ m,*X k +k,* —} 
* All f these eq ns re valid over the range 
Y,. and X is ln 
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{ 15). one ob 


Expanding the first tern 
tains the expression 
m,*X —k,)? 


k,*)/}(m,* —m, 
A 7 


X+k,.*—k,] 


term drops out since 
(14). The 


evaluated sim1 


of which the middle 


the starred parameters satisfy 


other terms of (15) may be 


larly, leaving 


Of the terms following the summation 


symbol in (16), the last three indicate the 


effect of changing the parameters. They may 


be rewritten in the form 


positive for 


Ke" 
Na , 


which is clearly 


forth. 


and so 


that the 


unless m, m,” 


minimum 


demonstrates our assertion 


value of L’ occurs when the 


parameters satisfy the least-squares condi 
tions (14), and thus shows that it is reasona 


ble to determine the response AC/A ratio in 


the manner suggested 


Figure 2 illustrates the results of the 


application of the procedure s outlined above 


for the determination of linear equations for 


the data obtained over the range 1.00: 
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X < 5.00 for observer M J B 
ure each plotted point is an individual datum 
We have 


variety of 


In this fig 


followed this procedure for a 


wide stimulus conditions and a 
large number of observers and have invaria 
bly found the lines constructed to be a satis 
factory representation of the data 

In clinical practice it is not possible to de 


response AC/A 


gnitude of the change in 


termine the value for the 


ratio since the m: 
accommodation as the stimulus is changed 
cannot easily be determined. In this case, it is 
necessary to rely upon the magnitude of 
vergence associated with a unit change in the 
stimulus to accommodation. This, of course, 
1s simply m It is proposed to re fet to this 


quantity as the stimulus AC/A ratio. How 
closely can one estimate the re sponse AC/A 
ratio once he has succeeded in determining 
the stimulus AC/A ratio? Since the value of 
m, will usually be only slightly smaller than 
unity, it is to be expected that the former 
will be but slightly larger than the latter 
Indeed an analysis of some 37 measurements 
made in this way indicates that the response 
AC/A may reasonably be predicted by multi 


plying the stimulus AC/A by 1.08. The com 


parison is illustrated in Figure 3. These data 


suggest that considerable clinical usefulness 
can be anticipated from the determination 
of the stimulus AC/A 


the procedures utilized for the evaluation 


[It is recognized that 
of m, are still much too cumbersome to pet 
mit any clinical application but the methods 
proposed in this present study are regarded 
as a necessary step in the establishment of 
the validity of clinically more pr: 
cedures. Future experiments will be devoted 
to attempts to establish this validity. 

[he present paper has provided opera 
AC/A ratios. It 


sheds no light at all on the answers to a 


tional definitions of the 
number of clinically and theoretically 

portant questions. How important a charac 
teristic of individual observers are the AC/A 
ratios ? Can the response and stimulus AC/A 
ratios be modified to any degree by practice 
effects ? What is the relation between AC/A 
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CONVERGENCE — DEGREES 
~ACCOMMODATION RESPONSE — DIOPTER 


Ye = 2.06X + 0,49 , Yo = 0.49 Y, +0.30 
L 

ACCOMMODATION STIMULUS — DIOPTERS CONVERGENCE — DEGREES 


ACCOMMODATION RESPONSE — DIOPTERS 


k). Individual determinations for observer M. J. L. in the range 
lation between accommodation stimulus and response is linear. 


> relation between accommodation stimulus and response. (B) The 


lative vergence and accommodation stimulus. (C) The 


modation response and act 


this 


paper and measur 


ratios as defined in 
ments made with the fixation disparity tech 
nique? What are the limits of fluctuation of 
the AC/A ratios in a gi observer from 
moment to moment and from day to day? 
What are the effects of a wide variety of 
variables such as drugs, age, and sex on 
these quantities? All of these questions are 
now open to straightforward experimental 
solution, however, since operational defini 


tions of these quantities have been given. 


RESPONSE AC/A Im, DEGREES / DIOPTER 


and response AC as measured or ght youn 2 3 4 os 
adult observers STIMULUS AC/A Lm] — DEGREE / DIOPTER 
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»UMMARY 


Haploscopic measurements of accommoda 


tion and accommodative vergence over a wide 


range of stimuli to nmodation 


AaAcCcul 


carried out on idult observers 
The 


two « oncepts 


(b) the 


young 


data can be quantified by 


AC 


ratio 


(a) the response 


and stimulus AC/A 


A theo 


were 


introducing 


A ratio 


KIN( 


AID AND M. J. LI 


BECK 
retic explanation of the synkinesis between 
accommodation and accommodative vergence 
is proposed which is based on the notion that 
motor innervations to the two systems have 
a common point of origin within the central 
Procedure 


nervous 


system are 


cle ve loped 
for estimating these two ratios 
Vedical Research 
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In a previous paper,’ an experiment was 


described in which 59 strabismus patients 


were made temporarily aware of diplopia and 
were then taught to alternate back and forth 
repeatedly between and 
left-eye fixation. This was accomplished with 


right-eye fixation 
the aid of special apparatus. These patients 
then practiced alternation with diplopia as a 
daily home exercise for periods of from two 
weeks to one year The effect 


make 


measurably more aware of diplopia. Twenty 


of this was to 


50 of the 59 patients (85 percent) 


five patients (42 percent) became acutely 


be cle 


aware of diplopia So fat could 
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termined on clinical examination, these 25 


patients were incapable of monocular sup 


pression. 


On the basis of certain theoretic argu 


ments, it was deduced that patients who were 
incapable of monocular suppression might 
become capable of binocular fusion if they 
continued to practice this exercise of alterna 
tion with awareness of diplopia. The original 
group of 59 patients had been under treat 
ment at the Kresge Eye Institute in Detroit 
Since | ated with that 


am no longer associ 


institute, the continued treatment of those 


patients under my management has not been 
Neve 


able which be irs on the que stion of the etter 


fe asible rthe le Ss, Some rele nce is ay ul 
in elicit 


to 


tiveness of the alternation exercise 


ing fusion. The purpose of this paper is 


present that evidence 
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Figure 1 shows the two images of a singk 


object a coffee cup is they appear to a 


patient with homonymous diplopia. If the 
object with his right 


patient is fixating th 


eye (upper portion of the figure), he sees the 


in the 
At the san ie, he 


left-eye image—the squinting-eye image 


right-eye image correct place, o1 


sees the 


off 


straight ahead 


to the left. If the patient 1s hixating the obj ct 


with his left eye (lower portion of the fig 


ure), he sees the left-eye image straight 


ahead and the right-eye image off to th 


right. If the patient can remain aware of 


diplopia when he alternates from right-eye 


fixation to left-eye fixation, he should see the 


two images move to the right. Similarly, on 


alternating from left-eye fixation to right-eye 


fixation, he should see the 


two images move 
to the left 


This phenomenon of apparent movement 


ot im 


iwes on alternation of fixation is an es 


sential feature of the alternation exercise and 


also provides in effective way of te iching pa 


tients to pet form that exer For « xample, 


suppose we have an esotré who is aware 


of diplopia but who cannot rform the ex 


ercise because he is unable t xate with his 


left eye In order to teach him to fixate with 


his left eve, we first call his attention to the 


fact that he sees the right-ev image ot 


object straight ahead and the 


of the left. Then we 


samc 


cover his right eve d have him note that 


so the left- image becomes 
Next, by mon 


we teach him to see the 


when we do 


straight ahead entary uncover 


ing of the right eve, 


right eye image off to the ri while the left 
Che rest is 


rhe 


1 
Keep he el ye image 


ne id 


a matter of progressive training patient 


learns to straight 


ahead while the right eye is uncovered fot 


longer and longer periods. When he can do 


this for 10 seconds. he can then learn to al 


ternate from right-eve xation to left-evye 


| +} leaf 
hxation by “making tl t one straight 


From the point 
rat scribed ll 


ahead.” of the pa 


tients to be port, the ex 
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Two images of a single 


Fig 


object as tl ar to 


lin) 
i patient with homonymous 


diplopia 


ercise which they practiced was not repeated 


alternation of fixation. It was “making the 
two images go back and forth without losing 
either one.”’ 


When a 


left-eye image 


Sees the 


patient reports that he 


straight ahead, he will be 
found to be fixating with his left eye. When 
a patient reports that he sees the two images 
move back and forth as illustrated in Figure 
1, he will be found to be alternating back and 
forth repeatedly between right-eye fixation 
and left-eye fixation 


The key feature of the exercise is that the 


patient must learn to see the two images ac 
tually moving back and forth on each alter 


Not 


seen to move, but neither Image 


nation of fixation only should the 


images be 
should be allowed to disappear even for an 
instant at any time during the exercise. Both 
No patient has 


should be seen at all times 


become capable of fusion who had not per 


ceived this movement of images when per 


forming the exercise 


In the absence of specific instructious to 


the contrary, many strabismus patients who 
perform the exercise correctly in terms of 
alternation of fixation and in terms of aware 


ness of diplopia, nevertheless report that 


only one image—the squinting -eye image 


moves during the exercise. Thes« patients 


describe the squinting eye image as moving 


from side to side of the fixing-eve image on 
each alternation of fixation. This appearance 


is not at variance with the localization phe 


Neverthelk Ss, 


view of the patient’s sub 


nomena illustrated in Figure 1 


from the point of 


jective experience, it is a different visual ex- 
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ercise than “making the two images go back 
and forth.” All patients described in this re 
port, and all patients under the writer's man 


agement, have been specificially instructed to 


perceive both images as moving concomit 


antly, and have succeeded in doing so. The 
rationale of this procedure is that the exer- 
cise is effective in aiding binocular fusion 
only if it causes the patient to perceive each 
monocular image as alternately “straight 
ahead” and “off to the side.”” This argument 
will be stated more fully in the theoretic 
section of this paper 

The foregoing method of teaching patients 
to perform the exercise is effective with pa 
tients who have a good awareness of diplopia. 
Methods for use with patients who are not 
aware of diplopia have been described in a 
prev ious report 

Prior to the development of these “appar 
ent movement” methods of instruction, the 
writer was able to teach the alternation ex 
ercise to only a few selected patients. It is 
now possible to teach over 90 percent of pa 
tients to perform the exercise correctly. 

When a patient had learned to perform the 
exercise correctly, he was advised to do so 
for 15 minutes each day. Patients were en 
couraged to use ordinary household objects 
rather than special test objects in performing 
the exercise. Patients were examined weekly 
or biweekly for ability to perform the exer 
cise correctly. 

The term “fusion” in the present report 
refers to the subjective unification of the two 
monocular images of an object which sub- 
tends less than one degree of visual angle at 
a viewing distance of six meters, combined 
with simultaneous binocular foveal fixation 
of that object. The criteria of fusion were 
(a) absence of diplopia and (b) absence of 
observable deviation on applied cover. It 
sometimes happened that a patient could not 
fuse on command, but occasionally fused in- 
voluntarily. Such a patient was considered 
able to fuse involuntarily for purposes of 


the present investigation, the only require- 
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ment here being that the patient be able to 
fuse long enough for the applied cover test 
to be carried out with each eye in turn 

$y means of repeated extensive examina 
tions, particular care was taken to ensure 
that patients were not able to fuse at the start 


of treatment. 
RESULTS 


Of the original group of 59 patients, five 
had intermittent tropias at the start of treat 
ment. Of the remaining 54, seven (13 per 
cent have become capable of fusion with no 
other treatment than continued performance 
of the alternation exercise. The writer has 
been informed that nine additional patients 
under treatment at the Kresge Eye Institute 
not from the original group of 59 patients, 
have achieved a similar result. These nine pa 
tients were managed by the orthoptic staff of 
the Kresge Eye Institute, and in each in 
stance the capacity for fusion was obtained 
with no other treatment than alternation with 
diplopia. 

Of the 30 patients now under my man 
agement at the University of Michigan, only 
one has been under treatment for more 
than 25 weeks. Two patients out of the 30 
have become capable of fusion with no other 
treatment than alternation with diplopia. 

To the best of my knowledge, the capacity 
for fusion has not been elicited by this 
method in any patient having a vertical tropia 
of more than two prism diopters, nor in any 
patient having a visual acuity difference be- 
tween the two eyes of more than three lines 
on the Snellen chart. Binocular fusion has 
been elicited in both male and female pa- 
tients, ranging in age from five years five 
months to 15 years two months. 

More than 20 patients have discontinued 
treatment for personal reasons after having 
become aware of diplopia. None of these pa- 
tients has so far become capable of fusion. 

No patient who has been made aware of 
diplopia by means of the method described 


here has yet reported any visual discomfort 
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or confusion associated with the awareness 
of diplopia. About 200 patients have been 
made aware of diplopia by this means. 
CASE REPORTS 
Case 1 
10 months at the 
O.D., 20/15; O.S 
were 


aged ars 
Visual acuity: 
Prism ai 

prism diopt at 


diopters cm., 


A white boy, 
start of treatment 
20/40 (Snellen). 
exotropia of eight 
tropia of 
rection 


cover findings 


six m., eso- 


four prism with cor- 
cycloplegia 
ax. 97°; 


Onset 


under 
+1.5D 


cyl 


Retinoscope findings 
O.D., +1.25D. spl 
+2.0D. sph. > +0.75D 


abismus was 


cyl 
ax. 56° 
months of 


were 
OS., 
of str 


Three 


prior to nine age. 
y were given with- 
out ited in 1956. There 
was no awareness of diplopia under ordinary con- 
The patient fixated with 


left-eye fixation 


courses of orthoptic thera 


the latest termi 


SUCCESS ; 
ditions of the 
right eye but could not hold the 

This patient was taken under treatment in Janu 
1958. He learned on 
form the alternation exercise with the 
apparatus. Within one month, | 
the 
the 
that he was able to “bri 


viewing. 


ary, first examination to per 


aid of special 
1 to perform 


> le arned 
same exercise with ary objects. During 


next six months, the | itedly reported 


mages together” 


but examination revealed that |! as then achieving 
single vision by monocular suppression rather than 


During the same period, the 
ressed so that he was unable to 


m exerci , and had 


by binocular fusior 


patient repeatedly reg 
perform the alte to relearn 
it 

awareness of 
that he 
suppression. In 
bin 
is still under treatment, 
The 
nent is to attempt to elicit 


By August, 1958, tl itient’s 
diplopia had 


incapable of monocular 


increased extent was 
apparently 
cular fusion 


i€@ O! 


same exercise pur- 


habitual fusion 
CASE 2 

A wh girl, aged 13 year me month 
Jo previous ort! 
Vision 


Prism 


Onset 
first year 
optic or st 


20/20 Snel 


treatme! given 

orrection 
dic pters of exo 
ters of exotropia 
and no 


22 
at JO cn ere 


knowledge 
This p 
form the alternation exercise with the aid of special 
apparatus. At the third weekly 
patient learned to perform the 


ary ol jects one l 


was 


lusion 
ot diplopia 
itient 


learned on fit 


st examination to per 


examination, the 


exercise with ordin 


spontaneous fusion at 
the third ¢ therapy 


No 


no minus lenses were 


Xaminatior Same was con- 
and 


Near-point of converg 


tinued convergence exercises were given 


used 


ence was remote on frst umination, and to nose 


after three months of tre: it. At that time the 
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patient was habitually fusing so far as could be 
determined by clinical examination. After nine 
months of treatment, prism and cover measurements 
had not changed from first examination, in spite of 
the fact that the patient had difficulty in performing 
the alternation exercise due to a strong tendency to 
fusion. She was then discharged, to be seen in three 
months. 


Case 3 

A white boy, aged five years five months. Onset 
the three and 
There was small accommodative esotropia, less than 
12 prism diopters at near and five at far without 
correction and equal visual acuity with correction. A 
course of orthoptic therapy had been unsuccessful 

The chief difficulty with this patient, as with 
others in his age group, was to the notion 


was before age of one-half years 


convey 
of simultaneous binocular perception. This was done 
after weeks of He 
showed capacity for binocular fusion 17 weeks from 
the start of treatment. The patient has 
under treatment 22 weeks 


successfully five treatment 


now been 


for 22 


Cases 1 and 3 are under treatment at the 
University of Michigan. Case 2 was one of 
the original 59 patients treated at the Kresge 
Eye Institute and described in a previous 
report.’ Case 2 was managed, during the first 
month of treatment, by Miss Arlene Stearns, 
head of the Orthoptic Department of the 
Kresge Eye Institute. 

The most striking common characteristic 
of these three patients is that all three were 
unusually co-operative and diligent in the 


patient in 


performance of home exercises. has 


been a characteristic of every 


whom a positive result has been obtained. 


[THEORETIC DISCUSSION 


the 
right-eye image correctly represents the posi 


In the upper portion of Figure 1, 
tion of the coffee cup, and the left eye image 


does not. The chief source of visual con 
fusion in diplopia must be an inability of the 
observer to decide, quickly and accurately, 
which image is the correct one. 

[f an individual is aware of diplopia but is 
not confused or annoyed by that awareness, 
we must infer that he is able to differentiate, 
reflexly and accurately, between the two 
images of any object: he must know without 
and 


thinking about it which one is correct 


ver fil ne 
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which one is incorrect. Of more than 200 


strabismus patients who have been examined 


and interrogated on this point, only four 


manifested any confusion or discomfort as 
sociated with their awareness of diplopia. 
Those f adult with par- 


tour were 
alytic strabismus of recent onset It follows 


patients 


that the ability to identify fixing-eye and 


squinting-eye visual images as such, and 


to differentiate between them, is a general 
characteristic of strabismus patients who are 
aware of diplopia. 

In another paper' I have presented evi 
dence that this reflex differentiation between 
fixing-eye images and squinting-eye images 
is not only the means by which strabismus 
patients avoid confusion when they are 
aware of diplopia, but is also the mechanism 
of monocular suppression in strabismus. In 
other words, it is the means by which strabis 
mus patients ordinarily avoid being aware of 
diplopia. 

There are undoubtedly many factors both 
mwtor and sensory, which inhibit fusion in 
st.abismus. One of the sensory factors may 
be that the twe monocular visual images of 
any object are reflexly perceived in two very 
different 


perceived as an image, the 


ways, as described above: one is 


other as a real 
object. In this view, one reason the patient 
does not fuse the two images is that for him 
the V do not belong together. One represents 
a solid, tangible object ; the other represents 
only itself 

In order to understand this hypothesis, one 


(McLaughlin). The two images of a 
they 


Fig. 2 


single object (a coffee cup) as appear to a 


patient with homonymous diplopia. Shading of the 


squinting-eye images is intended to represent the 
} 


perceptual attribute of unreality which those images 


have for the patient 


McLAUGHLIN, JR 


must appreciate that the real-unreal distine 
tion which the patient makes between fixing 
eye and squinting-eye visual images is a far 
more fundamental differentiation than, for 
example, a distinction between bright and 
dark images, or between clear and blurred 
images. The real-unreal distinction in stra 
bismus is a differentiation between things 
that exist and things that do not exist, be 
tween the tangible and the intangible. From 
this point of view, the hypothesis that the 
real-unreal differentiation may inhibit fusion 
in strabismus appears to merit experimental 
evaluation. 

In view of these considerations, an effort 
has been made _ to treat strabismus patients 
by making it difficult for the patients to 
maintain that differentiation between fixing 
eye and squinting-eye visual images. More 
specifically, the rationale of therapy which 
has been employed here is to have the patient 
practice a visual exercise which causes him 
to perceive both images as equally “real” at 
the same time 


This is illustrated in Figure 2, 


which is 
similar to Figure 1 except that the squinting 
eye image has been shaded. This shading is 
intended to represent the special quality of 
unreality which the patient perceives in the 
squinting-eye image. If the patient remains 
aware of diplopia while he alternates back 
and forth, each image taken alone will be 
perceived as alternately “real” and “unreal.” 
This is a highly anomalous appearance, and 
the patient who performs this exercise cor 
rectly will describe it as highly anomalous. 
Nothing that the 


changes back and forth repeatedly between 


else patient ever sees 


being a real object and being an image. 
Hence the effect of prolonged practice of the 
exercise should be to weaken the reflex dif 
ferentiation between the two images. 

It has previously been shown that strabis 
mus patients can be made progressively more 
aware of diplopia by means of the alterna 


That 
lends support to the hypothesis just stated. 


tion exercise described here finding 


The present finding, that alternation with 


MIGHT 
KATING 
—— 


FUSION 


diplopia can aid binocular fusion in some 
strabismus patients, further substantiates the 


view that a retlex 


two monocular mages of any object isa 


IN STRABISMUS 


lifferentiation between the 
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salient feature of binocular visual perception 


in strabismus 
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In previous publications we have de 
scribed how methanol poisoning in monkeys 
and humans represents a disease entity, and 
differs biochemically and clinically from the 


ates.’ We have 


also describe d how re pe ited doses of «¢ thanol, 


effect of methanol on subpr in 


begun at the time the single dose of methanol 


is given, prevent eye damage, acidosis, and 


ig 
death in monkeys 


This ideal therapeutic situation never oc 


curs in human methanol poisoning—al 


though the issue is often confused by the 


ixtures of ethanol and 


is therefore desirable to know 


initial ingestion of n 
methanol. It 
how 


long ethanol therapy may be delayed 


and still be effective. This was the purpose 


of the monkey experiments reported here 
reviewed in 


Additional 


Strittmater and 


Che pertinent literature was 


the previous report papers of 


Ball 


and of Kinoshita and Masurat* who reported 


interest are those of 


a specific formaldehyde dehydrogenase in 
liver and in retina, respectively. Whether 


this is the sole significant path of formalde 
* From the Laboratory for h in Ophthal 
mology, Western 


mology Service 


Reserve University, and Ophtha 


Departme 


y, University 
Clevelan 


Hospitals of 


by (B-600) 


National 


Grant 


Institu gical 


Neurok Dis 


ore the ast 
5, 1959 


hyde oxidation in vivo is a point of con 
siderable interest, but this is as yet uncertain. 
Hence its significance for methanol poison 


ing cannot be assessed 


MATERIALS AND METHODS 


The plan for our present group of experi 
ments was to give monkeys a single oral dose 
of 6.0 gm./kg. of methanol, Ethanol therapy 
was to be started at varying time intervals 
after the poisoning. Surviving monkeys were 
to be allowed to recuperate for a minimum of 
three weeks and then be given the same dose 
of methanol without treatment. To date, we 
have a total of nine monkeys getting 6.0 
gm./kg 
seven died (78 percent). 


Most of 


been previously described.’ 


of methanol, untreated ; of the 


nine, 


the experimental details have 
Only changes 
made in the present study are here reported. 


MONKEYS 


The shortage rhesus monkeys resulting from 


he poliomyelitis vaccine program forced us to 
hange monkey species before these experiments 


completed 


were } 


shifted was the 
nkey), Cercopithecus 


The species to which we guenon 
aethiops aethiops 
animals s 1 the clinical 


de scribed for the 


typical picture 


hanol pos ing as rhesus 


y, including the profound acidosis 


only one detail did there seem to be a differ 


ence between rhesus and guenon: this was in the 


CO: combining capacity levels for normal plasmas 


= 
1. McLaughlin, S. \ 
from t Public Health monkey, 
Service, 
—_ 
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Mathematical analysis suggests the possibility that 
normal plasma CO; combining capacities are higher 
in guenons than in the rhesus monkeys (0.02> P 

0.01); 
34 rhesus macaques 


we are comparing only eight guenons against 


One rhesus monkey had diarrhea and a second 
had anuria which, we feared, obscured the validity 
of the biochemical data. In addition one guenon 


showed moderate diffuse pulmonary edema at death 
Hence biochemical data on these three animals were 
omitted. Since, however, these intercurrent findings 
could not conceivably increase survival time, it was 
considered proper to include survival data on the 
animals in question 
CLINICAL MANAGEMENT 

thanol therapy had no 
but did | during the 24 
hours preceding administration of methanol. This 
of gastrointestinal 
constantly for 
administration 


All monkeys on delayed « 
food, ave water ad 
was done to 
absorption 
two or more h 
so that we could have measurements of any signifi 
miting. In con- 


promote uniformity 
Monkeys 


uurs after 


were watched 


methanol 
cant amounts of methanol lost by v 
trol experiments, water was given every eight hours 
equal in volume to the fluids given during the same 
the ethanol-treated experiments 


period of time in 


Methanol levels 
the 


were 


are reported only on samples in 


out 


carried 
1as frozen in 


which 
Blood 
sloods 


less than one hour after collection 


following procedure was 
the plasn 


The plasma was 


centrifuged and 


kept constantly frozen except when samples were 
removed for purpose of analysis. 

Our standard method for met! 
the cl 


letermination 


anol 
modification of romototropic acid 
method of and In three experi- 
ments (Elagabalus, Epandamanas, and Esau in their 
control, untreated experiments) levels 
were determined by the microdiffusion method of 
Sunshine and Nenad.’ Experiments on plasma con- 
taining known that 
the Sunshine method gave values high by a factor 


of 1.35 


was a 
Bricker Johnsor 


methanol 


amounts of methanol showed 


In other words, the potassium bichromate 
used in this method oxidizes methanol beyond the 
formaldehyde stage, and more than one equivalent 
of bichromate was utilized per equivalent for al- 
cohol. Our reported methanol values in these three 
experiments are therefore the result of dividing the 
experimental values by 1.35 

Ethanol levels were calculated by determining the 
total alcohol level by the Sunshine method and from 
this value the amount of methanol, obtained by the 
chromototropic acid method and multiplied by a 
factor of 1 35, was subtracted 


RESULTS 
A. CLINICAL 
This batch of monkeys generally followed 
the course of monkey methanol poisoning as 


FARKAS AND ALBERT M. POTTS 
described by us earlier. Their clinical course 
resembled that of human poisoning. About 
80 percent of the untreated monkeys at this 
dosage level progress to eye and brain dam- 
age, peripheral vasomotor shock, coma, and 
death. 

This process was reversible when ethanol 
treatment was delayed as long as eight and 
Table 1 Che 


monkey having a 12-hour delay in treatment 


12 hours. See for a summary 
was barely able to pull through. With 16- and 
20-hours’ delay before starting ethanol, the 
monkeys died. (One 20-hour monkey was 
“resistant,” being able to survive almost 
three times the minimal lethal dose without 
treatment. ) 

Although we could not save the monkeys 
after a 16 hour delay in ethanol therapy, we 
were able to prolong their lives. These re 
sults are shown in Table 2. The number of 
untreated monkeys comprises our total ex 
perience to date at this dosage level; six of 
them have been reported previously.***** One 
of the had a 


methanol dosage, 5.0 gm./kg. He is included 


untreated monkeys lower 


because a lower methanol dose should 
lengthen the time of death; his death at 26 
hours would therefore not unjustly weight 
our statistics. Our data show a significant 
increase in length of life in the group on 
ethanol therapy as compared to those with 
out treatment. 

Four of our five treated monkeys showed 


Table 1. The fifth 


hours 


no eye changes. Se 


monkey started ethanol 20 after 
poisoning ; he showed bilateral minimal reti 
nal edema and inequalities in pupillary size, 
starting at 48 hours and lasting until death. 
In three experiments without ethanol therapy 
only one monkey showed eye abnormalities. 
These were bilateral hyperemia of the discs, 
blurring of the disc margins, retinal edema, 


All 


of these changes were first noted four hours 


and absent pupillary responses to light 


before death. Microscopic examination of the 
eyes of the monkey getting ethanol treatment 


showed no departure from normal controls. 


tw 


Ui 
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TABLE 1 
CLINICAL EFFECTS AND DOSAGE OF DELAYED ETHANOL THERAPY OF ACUTE METHANOL POISONING 
Time Dose EtOH | EtOH EtOH EtOH 
Body Since Started; # of Amount Time 
First hr Doses Each Last Clinical 
Monkey Species We igi Exper —7 after Given Dose Dose Eye Examinatio Results 
~~ ment t poison- | Every gm hr. after 
lays & ing 4 Hr kg poisoning 
4) Dionysus Rhesus 3.0 6.0 ~ 1 0.75 Normal Survived 
2-16 0.50 68 
B) Dionys Rhe 3.4 48 6.0 O.U., Hyperemia of Died at 28 
blurring dis« hr 
retinal ed 
ema, absent pupil 
lary responses to light 
A) Dalt Grivet ; 6.0 12 1-5 1.0 Normal Survived 
6-17 0.5 76 
B) Dal Grive 6 30 6.0 Nor Died 30 
35 he 
De Grivet ; 6.0 16 1-6 1.0 Normal Died at 48 
8 0.5 44 hr 
4) D Rhe 3.3 6.0 20 1 0.75 N il Survived 
2-8 0.50 5 
60 9 0.75 
10-15 0.50 84 
B) D Rhe 3.5 1 6.0 Normal Survived 
Darw ( 4.4 6.0 0 1-16 1.0 80 oO. Early retinal Died 90 
edema; variable " 91 hr 
nm size 
* Puy ry 1 1 wit are t reported 
TABLE 2 
EFFECT O1 I AYED ETHANOL THERAPY ON TIME OF DEATH CAUSED BY 0.0 GM, 
METHANOL/ KG, MONKEY 
No Treatme Delayed Ethanol Treatment 
M Time of Death N M 7 Time EtOH Started lime of Death 
oO onkey hr. after MeOH oO WIONKeY hr. after MeOH 
Erebus 17 1 Dillinger 10 83-88 
Esau 18-19 2 Dagon 12 117-136 
Short Stop 20 3 Democritus 16 48 
Elpenor* 26 4 Darius 20 37-40 
Dionysus 28 5 Darwin 20 90-91 
Pain in the Neck 30 
Dalton 30—35 
Epandamanas 36-38 
* Had only 5 gm. MeOH /kg 
No. Monkeys Dead | No. Monkeys Dead 
36 Hours after > 36 Hours after otal 
MeOH MeOH 
No Treatment 7 1 8 
Delayed EtOH Rx 0 5 Ss 
Total 7 6 13 
Exact Probability 0.0047 


N 
| 
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The varying doses of ethanol are detailed 
in Table 1. In our early experiments we used 
the dosage schedule we have found to be the 
Starting 

When 
this proved ineffectual in saving lives after 
12 
doubled the dose but found no increased ef 
We 


ethanol dosage 


ultimately lead us to the level at which we 


minimum optimal in our monkeys 


the time of potsoning.* 


treatment at 


longer than hours’ delay, we roughly 


fectiveness did not further increase the 


Continued increases would 


could expect increased mortality from the 
additive narcotic effects of the two alcohols. 
Monkey No. 5 received 1.0 gm./kg. at every 
dose. With monkeys No. 2A and No. 3 the 
early doses were 1.0 gm./kg. This was 


dropped to 0.5 gm./kg. when their clinical 


} 


conditions seemed perhaps to be worsening 


rather than improving, 
cleat cu 


Clinically no 


mediate response to 
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ethanol was noted. This lack of obvious dis 


tinction was probably due to the fact that th 
methanol poisoning overshadowed signs from 


the much smaller doses of ethanol 


Plasma ethanol levels could provid 


check on the effectiveness of therapy. Un 
fortunately, potassium bichromate oxidizes 
methanol beyond the aldehyde stage, and th 
determination of small quantities of ethanol 
in the presence of large quantities of metha 
nol was highly unreliable. Thus plasma 
ethanol levels by our methods could not be 


utilized for the above purposs 


B. PLASMA CARBON-DIOXIDE COMBININ¢ 
CAPACITY 
In all five monkeys, ethanol either reverse 


or slowed down the abrupt dr p in CO, con 
bining capacity usually seen in untreated 


monkeys poisoned with methanol. Chart 1 


shows results in a typical pair of experiments 


70 


60 


50 


30 


VOLS. % CO. 


20 + 


DIED © = 6gm.MeOH/kg + EtOH 
© = 6gm.MeOH ALONE 
4 4 


7 


80 100 120 140 


HOURS AFTER METHANOL 


r, Farkas, and Potts). Plasn 


S100 or 0.5 cm 
START | 
= LAST 
EtOH 
10 
20 
Chart 1 (Gilg CO: combi: 


[Slt rOXICITY OF METHANOI 


Al 


THERAPY ON ACIDOSIS 
KG. MONKEY 
COs. COMBINING 


on the same monkey. In both experiments rABLE 3 
by 12 hours the CO, combining capacity had EFFECT OF DELAYED ETHANOL 

CAUSED BY 6.0 GM. METHANOL 
fallen by over a third of its normal valu 4S SHOWN BY PLASMA 
When ethanol therapy was started, the CO CAPACITY 
combining capacity rose to normal levels. In 


1 
tre 


alter 


the control experiment lrop in CQ, com 


bining capacity continued and fell by almost 
two thirds of normal at death. Table 3 gives 


moplete ¢ TI first mo ste 
our mplete lata Phe Irst nkey listed 1. Dionysus 0 
showed a patt mm si il ir to the one Wwe have EtOH 8-68 hr 8 
16 
just described. The third monkey, having 17 
treatment beginning at 16 hours, was mod 24 
8 
erately acidoti throug ut by death his CO 3? 
combining capacity had dropped almost 30 +0 
18 
percent. The fourth monkey as a ‘resist 56 
ant” one, able to survive the poisoning with 68 
out treatment. In his se acidosis did not 2 Dalton 0 
occur under ethan yy, but moderate EtOH 12-76 hr 12 
20 
acidosis Was prest nt iW ul treated control 28 
experiment. The last onkey with ethanol a 
35 
beginning at 20 hours had no acidosis until 36 
there was a terminal d1 in CO. combining 44 
capacity of about 60 percent. Our series is 60 
too small to learn whethe nere 18 any Tela ~ 
tion between length of delay in treatment and 88 
137 
degree of acidosis 
Roughly, in comparing percent change 3. Democritus 0 
EtOH 16 hr to death 16 
trom normal plasma CU) Dining Capact 4 
ties, we found three types of behavior. The 32 
11 
untreated group showed a steep downward 18 
drop. The group in whom ethanol was started 
1 $. Domitian 0 
simultaneously with the poisoning? showed = ~;OH 20-84 hr 20 
no drop, and, in fact stly increased ovet 28 
40 
the normal. The delayed ethanol group lay in 44 
an intermediate position between these other * 
‘ 5 
two groups 56 
60 
68 
C. PLASMA METHANOL LEVELS 7 
Plasma methanol k S onkeys with 5 Darwit 0 
and without ethanol therapy are shown in EtOH 20-82 hr 20 
8 
Chart Che statistical summary is shown 36 
in the appendix. The 1 bers for each line 4 
IZ 
on the chart refet ndividual monkeys 60 
listed in the table 68 
i606 
Our data indicate that ethanol therapy d 90 
9 
lays the rate of disappearance of methanol ' 
from the blood. This is shown in Chart 2 by : 


* Pp 


mortem heart punctur 


st- 


MeOH 


Vols. CO 
MeOH 


and 


EtOH 


MeOH 
\lone 


29.1 28.4 
22.5 20.4 
27.9 
14.4 
19.2 14.3 
12.4* 
28.5 
20.2 
18.9 
24.6 
66.1 55.9 
37.3 37.2 
29.6 
23.2 
51.8 
20.0* 
60.6 
61.2 
61.4 
67 .6 
56.4 
68.3 
52.3 
61.2 
50.1 
34.6 
38.8 
24.2 
35.2 
25.9* 
26.8 43.2 
40.3 31.3 
45.8 31.6 
40.6 23.6 
41.2 
23.2 
32.0 
24.9 
34.0 
36.6 37.6 
37.3 
75.9 
60.7 
83.5 
660 .6 
72.9 
63.6 
56.4 
54.2 
57.8 
61.6 


il 
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A. NO ETHANOL 


vee MEAN LINE OF 
REGRESSION 


a 


B. ETHANOL R, 


now MEAN LINE OF 
REGRESSION 


MeOH - u.M/mi. PLASMA 


HOURS AFTER MeOH 


Farkas, and Potts). Plasma 
methanol concentrations in monkeys given 6.0 g 

MeOH /ke (Numerals for each line 
of this chart refer to individual monkeys 


Table 4 in the appendix.) 


Chart 2 (Gilger, 


body weight 


listed in 


the gradual slope of the mean regression 
line in ethanol-treated monkeys (B) as com- 


pared with the steeper mean regression line 


in monkeys without ethanol therapy (A). 
The probability of a difference in slopes this 
big or bigger, if chance alone caused the dif 
ferences, is between 0.05 and 0.025 

Details needing amplification are discussed 
in the appendix. 

In spite of the variables mentioned in the 
appendix—and probably others which are 


not now obvious to us we have the desire 
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to try to find order in these chemical determ 


inations from our biologic experiments 


This is especially so since we do not consider 
further ethanol therapy experiments are in 
dicated just now. It appears that ethanol 
treatment delays the rate of disappearance of 


methanol from the blood. 


DISCUSSION 


We have described in a prece ding publica 


tion how methanol poisoning in primates 


The 


met 


may be considered a threefold disease 
three components are: I, narcosis; II, 


abolic acidosis; III, specific nervous sys 
tem involvement (retina and basal ganglia) 
Disease I is due to the toxic effect of the 
alcohol itself. Diseases II and IIT are due to 
a toxic oxidation product of methanol, which 
is either formaldehyde or a formaldehyde 


complex. Dise ase I could cf meeivably be 
made worse by ethanol if high enough total 
alcohol 


requires a staggering amount of alcohol and 


Treat 


levels were reached. However, this 
is unlikely to be reached in humans. 
ment with base (that is, sodium bicarbonat« 


or sodium lactate) counteracts the acidosis 
of Disease IT, but not the nervous tissue dam 
age of Disease III. We found that ethanol, 
both Dis 


We also concurred 


given early enough, could prevent 
II and III. 


others that protection by ethanol from Dis 


with 


eases 


eases II and III lies in its preempting the 
and al 


lowing methanol to be excreted as such or to 


enzymic site of methanol oxidation 


be oxidized minimally. This concept is sup- 
ported by our present finding that ethanol 
slows down the rate of disappearance of 
methanol from the blood. 

Logically, there should be some time limit 
beyond which enough toxic oxidation prod 
uct has been formed from methanol so that 
blindness or death is inevitable, even though 
additional methanol oxidation is slowed 
down by giving ethanol. Under the condi 
tions of our experiments this time was 12 to 
after this time, 


16 hours. However, even 


death was delayed by ethanol therapy. One 
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would therefore expect that there would be 
a second, later, period of time during which 


ethanol could still synergize with other ther 


apeutic agents, notably base, and, in combina 


tion, still prevent death. If one were dealing 


with lower doses of methanol, the safe time 
would be prolonged; with higher methanol 
doses, it would be shortened 

There should be an additiona! set of ther 
apeutic conditions under which ethanol treat 
ment plus base, though delayed, will prevent 
but still al- 


inent nervous system 


death from Diseases II and III, 
low a measure of per 
damage from Disease III. The data reported 


do not allow us to speculate on what these 


conditions might be, but we simply state the 
desirability of defining them by further ex 
perimentation 


It is also desirable to have some knowl 
edge of the time beyond which any ethanol 
treatment would be futile. Our data do not 
allow us to determine this directly. However, 


an absolute limit would 


be set by the time at 
untreated 


As one 


can see in Chart 2, this time lies in the neigh 


which blood methanol values in 


animals fail to insignificant levels 
borhood of 35 to 48 hours for a single initial 
dose of 6.0 gm ke 

On the basis of the above considerations 
we feel justified in recommending the follow 
ing ethanol treatment schedule in ‘human 
methanol poisoning 75 gm./kg. X 1, fol 
four hours for 
should be 
begun as early as possible during the first 48 


Acidosis, 


should also be treated 


lowed by 0.50 gm./k; ry 
about three days. Thi itment 


hours after methanol ingestion. 


when present, with 


base (that is, sodium bicarbonate or sodium 


lactate ) 
SUMMARY 


Further observations on ethanol therapy 
of acute methanol poisoning in the monkey 
Results were reported 
a CO 


have been prese nted 


on the clinical picture, plasn combin 


ing capacities, and plasma methanol levels 
These add that 


support to conclusion 


the 
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ethanol successfully competes with methanol 
for alcohol oxidase, thereby slowing down 
the oxidation of methanol into a toxic prod 
uct. Ethanol started more than a half day 
after large doses of methanol could not in 
itself save our monkeys’ lives. However, this 
delayed ethanol therapy did prolong the 
monkeys’ lives and offers an important ad- 
human methanol 


junct in the treatment of 


poisoning. 


APPENDIX 
see Table 4 


The chemical determination of plasma methanol 
s specific. We have methanol levels for 17 normal 
monkey plasmas. The range is 0 to 27 41M methanol 
the mean is 14 uM/ml 
a f 23 experiments in 
given 6.0 gm. MeOH/kg. and for 
which plasma methanol levels were done. In 12 of 
treated with 


ml. plasma ; 
We 


monkeys 


have which 


were 
the 23 experiments the monkeys were 
only seven ethanol-treated ex 


‘he ren 


ethanol. Results on 
reported aining five were 
clinical ¢ 


compli ated by 


periments are 
ourses and deaths in three 


aiseases 


ymitted because 
monkeys were 
Materials) ; 


rmined five and 


other (see 
in two experiments methanol levels 
lection 


st 


were dete 15 months after « 


were 


f the samples—although 


frozen, we are not sure but that even so they may 
lose methanol in such a lapse of time. Eleven of the 


total 23 « xperiments were ones in whicl 
Data from one of these 11 


omitted | ause determinations 


ethanol was 


t given experiments 


were made 
onths af he experiment 


the rapy 
monkeys 


10 not receiving ethanol 


in two different ways: six 
treatment, and the other 
therapy believe this combi 


had no four received 
sodium bicarbonate 
Four out of our six monkeys 
to afford ade 


ss of methanol 


nation is justifiable 


10 treatment died t 


oo early 
1 of ke 
results from untreated 


nonke 


juate information he tret 


from the bl , using 


imals only 1 few vs for com 


parison. Tl be without 


is bi 


past 35 hours 


effect on the chemi 
soun ntreated monk Irviving 

] as sodiur bicarbonate 
nethanol loss from 
monkeys is 2.26 against 
nonkeys. We account for 


the early deaths of un 


plasma bicarbonate 
—1.32 for all unt 
this difference in 


treated monkeys before the time at which methanol 
For ex ample, the 
is unduly made 


it less than 19 


levels could be expected to dr p 

untreated monkeys 
> 


mean slope of 
who died 

1 by monkey no 
o died at 28 hou nd had a slope of —0.51.) 
I nt at different 


ss steep by monkey nm 
uuirs and had a sk 0.22 ar 


he ethan eived treatme 


five 
The group of 
was 
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rABLE 4 


COMPARISON OF SLOPES OF LINES OF REGRESSION FOR PLASMA METHANOL CONCENTRATIONS 


IN MONKEYS GIVEN 6.0 GM. MEOH /KG. BODY WEIGHT 


EtOH 
Treatme B 
Monkey Starting at Result uM MeOH 

Hours After mil. Plasma 
\ MeOH / 


Survival 
Survival 
Survival 


Survival 


Elagabalus 
Epandamanas 
Dionysus 

Daltor Survival 
Democritu Death 

C. Da Death 


rwi 


B 
uM MeOH 
Plasma 


Monkey 


Elagabalus B 

Epandamanas B 

Esau B 

Dionysus B 

Dalton B 

Domitian B 

A NaHCO 
F igar« NaHCO 
Third NaHCO 
Home NaHCO 


Slope 
Mean slope 
Deviation fror 
Summatior 
Value of Y estimated fr 
Sample standard deviati 
Sample standard deviatior 
Standard error of the differe 
Student's” t 
Number 
Degrees of freedon 
Probability of « ! 
Numeral subscripts 

EtOH 

No EtOH 


EtOH 


No EtOH 10 


times and in differet 


4 shows ho obvious 


group is too 
matters 
Another detail needing 


f absolute plasma met 


160 
b 
No 
0.9 0.1 ).0289 
2 0.74 +0 .06 0.0036 
; 0.46 +). 34 0.1156 
4 0.70 +0.10 0.0100 
5 0.58 +0) 0.0484 
6 1.56 0.76 0.5 6 
0.59 +0) 1 0.0441 
5.60 0.93 +0 .93 0.828 
0.80 
13 0. 80X 
=b 0.138 0.01 
0.371 0.140 
No Treatment Result Br-t 
Hour 
1 Deat! 1.6 +008 0.006 
2 Survival of 0.4600 
; Deatt 0.22 +1.48 190 
‘ Death 0.51 
5 Deatt 1.90 0 0 0.040 
6 ~urviva 1.39 0. Ove 
Surviva 3.23 1.53 34 
8 Survival 43 0.73 0.533 
Death 9 day 1.08 +0 0.384 
10 Sacrificed 13 ”) 0.5 0.348 
lays 
6.9 3.65 440 
1.70 
169 .76 ox 
0.826 0.0826 
0.909 0.28 
R 
0.551 
regressior \ 
the mea { 0.366 
rence t 
1S 
d Mean Slope | 
| 7 6 0.80 0.828 
) 0 7.440 monxeys ai 
of this range upon the slopes Nort vidi 
15 b +). 90 Zz 8.268 iriatior loubted|y rtant f tor 
bsolute vaiues ny iblished ta suggest 
™ lraw nclusions n these leterminations on the same | s1 re usua low 
W het rbor xide combining capacities were 
onsideration is the range done before methanol levels, t nica lift ties 
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maturity of the monkey on either range or slope 


ake 
thawing periods any one ex 2065 Adelbert Road (6) 


periment the same; is, althou thawing prob 

ably accounts for 1 rel 1 bsolute values, it 

should not | Ange ir slo Vomiting We wish to thank Dr. Lowell W. Lapham of 

caused negligible loss of 1 riginal d and had the Pathology Department and Dr. Arthur S. Littell 
Our of the Preventive Medicine Department (Biostatis 


tics) for their help in the preparation of this paper 


no measurable effe 1 ur thanol level 


estimated 
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HOLOGY OF CORNEA GUTTATA 


M.D., AND Bertit F. Larson, M.D 
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Vogt! fir il tl linical finding come very probable that they are a secretion 
yi 


cornea guttata a en 1e early stage product of abiotrophic endothelial cells 


of endothelial and epithelial dystrophy of Verhoeff*®). Thinning and perforation of 


Fuchs.2 Vogt found also that the slit-lamp the endothelium were found on the larger 
| 


; 2). This loss of endo 


finding of the “droplik idothelial promi excrescences*® ( fig 
nences” of the guttat dystrophy is thelium on top of the hyaline excrescences 
caused by man 1 rescences on the may explain the abnormal hydration, second 
posterior surfac f cemet’s membrane iry scarring, and bullous epithelial changes 
Later studies confirmed this finding and fut found in the late stages of Fuchs corneal 


thermore revealed that tl levelopment of dystrophy, 
\s yet cornea guttata has only been cd 


the hyline excrescence rO long with a 


scribed as a primary degenerative disease of 


progr SSive 


neal endotheliun unknown etiology representing one early 


of Fuchs corneal dystrophy. It is 


same studies showed that thes rescences stage 


known to occur as a familial dystrophy.’ 


posed of the sai ubstance as Des 
lhe single lesions of the cornea guttata are 


mbrane* (fi 3 ind it has be 
very similar to the warts or a Hassal-Henle 
bodies of the peripheral corneal endothelium 
which are considered the produ t of primary 
senile degeneration. The present paper, how 


ever, contains the description of cases in 
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which a peculiar type rutt 


guttata with 
nt of the hy 


bizarre geographic arran 


aline excerescences occurred 


secondary to old 
de p ke ratitis 
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> 
a P 
ry 
| 
r 1) t the entr me f the 56-vear ld w te man wit | ~ rneal dystroy End 
thelial nuclet | t section tft h the endotheliur panoptic t hr ut f del R Hortes | t t 
rat ) 
gral 
marke hand ker toy itl with scarring 
e supe vers eas. N et 
vessels were seen. The anterior umber, O.1 
ippeared of about normal depth. There were oy 
‘ridectomies inferior! m hoth eves Phe 
were not well seen in he eves but ppeat if 
REPO! 
ractous. Funduscopic examination was not possible 
CA However, the patient had color perception and : 
rite projection, O.U. Tonometer tension was 23.8 
this eve ini n | r 1958. She gave a history He in the right eve nd 21.9 ms He in the t 
I nm eve ntect e of 12 years eve { rrecté Schittz ) he imtt pressure 
whl was ass ate wit ‘ This resulted Ol appeared als« normal t finger 1 pat 
n dense rneal s rs ar ly sion, O.U Opti il Chest X-ray films serolog examiunat I 
iridector 1¢s, O.1 , were lor evet months late hematocrit leterminatior were nort l 
which had improved her eye ght. However, at the The diagnosis of a band keratopat fol ¢ 
the exar ted a progr ld keratitis. O.1 was 1 1, penetrating 
sive loss tr vision for ? ear keratoplasty was done n the right ev t August 
The eve examination on June 1958, revealed 4, 1958. The postoperative course was wit! t 
her visual acuity to be fingers at one foot plications. The graft remained clear until st 
in the right eye ar nting fingers at three feet seen at time f discharge on August 12, 1958. | ‘ 
n the left eve. Other findi t interest were slit ever, senile tar t tf the iclear type 
mp examination ved corneas to have found 


central cornea 


rescences endothelium of the 
tion through Descemet’s 


(Transitional sex 


f del Rio He rtega, p 


al dystrophy 


ilies showed 
this patient w im! 

TI h extensive band keratopat 

wed histologi 


monium bromide forma 
button measured 6.5 mm. in diat 1 was cut in 
“ing mict ne. T pat 


flat n I 
opti uque ot the silver rbonate meth t 
lel Rio Hortega™ was lines or 

: epithelium s found ur knowle 
ou I Fucl corneal 


that the 


vesseis were 
som luetic inter 


other c: 


Descemet’s memb 
P ty ] 
keratitis in temaies 


nilar changes 


is in the first case were observed clinically. 


These cases will be briefly de scribed in the 


following 


seen in 


become confluent 
6 and 7). Thev we th | 
followed 


bizarre 
W 5 


helium o1 


PATHOLOGY OF CORNEA GUTTATA 163 
we 
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é 
Fig. 2 (Wolter and Larson) rge hyaline ex« 
f a 56-year-old white 1 with Fuchs corne 
membrane b) and the er ), Panopt 
eve sa whol 
the typica 
rnea guttata. However, the 
ft the valine excrescence 
bizarre geographic patterns 
lee never been described is 
lystrophy. It is our impres 
The rnea guttata in this case must have 
with some calcih t1o1 nt pert | lavers. N een of a secondar nature nda eque { the old 
membrane In some I \ these rou 
excrescences were eC } ther reas we 
with hyaline bodies of the me kind that had 
graf I g 
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section through Descemet’s membrane (a) and e laver t the € excresce es 


technique of des Rio Hortega, photomicrograph. ) 


Fig 4 ( Wolter and Tso! At irea witl 1 Tew isolated gvuttac the poster r sur Te lesce et’s 
embrane of the econdary cornea gutta t ‘ itis ) Hy e ex ‘ es 
(b) Descemet’s membrane lransitional section through Descemet’s membrane, panoptic technique 


of del Rio Hortega, photomicrograph. ) 
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| | | 
Fig. 3 Wolter nd Larson). Isolated hyaline excrescences on th po-terior sur LD) emet 
mbrar na case rneal dystrophy. The « tint 
“a 
* 
a 


first case wit il 
irrows ) Flat se 
four has ret 30 
nd hand motior ive 
1IAQNOSIS WAS: 
glaucomatous cupping, He 
snowed exte sive @ ‘ 
reve some 1x pie 
1 blood vessels the gle 
serine Ox nce 
lhe neas this 1 " 
ypacih a tus 
eep vascular t ghos é 
K te Sive ll er rignt 
rneas showed pe 
uttata Ww \\ 
tet W were ) 
ine excrescences 
the rrange ent the 
Ss seer > 


OF CORNEA GUTTAT 


ta in old keratitis. Some of r valine excrescences are confluent 
nique ot le Ri Hortes phot crograyl 
e right eye lhe isolated hyaline bodies as well as the 
eft eve. Our 
Ol rows of the same bodies were clearly visible 
ratitis ) 
ry glaw in this case. We have no doubt that they rep 
O.S., at resented a special type of cornea guttata just 
t visu ne 
Th is that seen histologically in our first case. 
S he gor 
or synechias 
3 
e patient has 
pilocarpine This 5l-ve; 1 white we in was referred on 
lered a poor November 3, 1958, to ou T rom the Neurology 
Department t University Medical Center. Her 
‘ extensive vision was found to be 20/40 in the right eve and 
stror witl 20/20 in the left. She showed an “incomplete” 
is was mort Argyll-Robertson pupil, O.1 ind an old interstitial 
t eve sot ke titis, O.1 Blood serology was negative A lum 
ntra rnc puncture done on November 7, 1958, was com- 
n the right pletely nort \ treponema pallidum immobiliz 
seen, but the n test, however, was positive in the blood but 
geograp egative in the spinal fluid 
sed of row At slitlamp examination bot orneas of this pa 
$ wing tient showed some opacities and general haze of the 
ne bodies stroma with many leep ghost-vessels and blood 
eve of tl led vessels, O.1 There was gain this peculiat 
ea g ita witl es and geographic patterns on 
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Ef 
Fig. 5 (Wolter a Lat \ rea wit lens« irrangs¢ guttac n Descemet’s membrane of the 
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Fie. 6 (Wolter | sol \ iline ridge 
composed of mat } line excrescences on Desce 
met’s membrane ) of the first ise wit second- 
ary ornea guttata in ] ke titis. (Transitional 
section throug! Descemet’s brane, panopti 
technique of del R Horteg photomicrograph. ) 
the posterior suri f Descemet’s membrane of 
both eves Figure 10 gives ! npression of the 
rr ge ent of the @ e left ve of this 
patient as seen with the sl p. The changes in 
the right eye were ver ~ I 1 the cl inges in 
both eyes were vé ( ke those observed in 
ol Secor 1 
CASE 4 
his is the case of a 46-year-old white woman 
set it the eve clinic of the Wayne County General 
in Eloise, Michigan. She was deaf and 
virtually blind. The llowing diagnoses were listed 
ongenital lues with nerve de blindness, O.1 
pendulant nystagmus, O.1 gent strabismus, 
O.D., and old interstitial keratitis, O.U. Her vision 
was found to be amaurosis in her right eye and 
light projection and color per the left eve 


eption in 


slitlamp examination revealed extensive nebular 


scarring of the corneal stroma and many deep 
blood vessels, O.U "s membrane and 
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Fig. 7 (Wolter and Larson). Long , ; 

omp sed f many hvaline excrescences Desce 
met’s membrane of our first case of secondary cor 
nea guttata in old keratitis. Some isolated hyaline 
bodies are seen between the ri s. (Transitional 
section through Descemet’s membrane, panopt 

technique of del Rio Hortega, photomicrograph. ) 


ARSON 


endothelium were much 
the left the 


otherwise normal 


with 


posterior corneal appearec 


covered 
eve 
In the right eve 


distinct branching 


formation of hyalinelil 


stance was seen paracentrally on Descetr 


brane. Figure 11 gives an impression of the shape, 
size, and arrangement of this formation. With the 

est magnification it could again be sec t 
the prominent ridge of this formation was 


posed of many round globules (guttae). No isolate 


hyaline bodies were seen besides this formatio 


DISCUSSION 


From the literature we know that hyaline 


ridges 


or networks may remain attached to 


the endothelial surface of the 


quelae of syphilitic interstitial ket 


cornea as 
ititis’® and 
other forms of deep keratitis.*® Such forma 


tions are considered hyalinized remnants of 


chamber 


fibrinous exudates of the anterior 


or of keratitic precipitates. The observation 


of a spec ial typ of cornea guttata 


seco 
to keratitis seems to be new 


lhe hyaline excrescences whicl 


l 
however i ver 
sub- 
| 
— 
| 
~ 
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histologically and clinically on Descemet’s 
membrane of the cases here demonstrated 
had all the characteristics of those seen in the 
primary corneal dystrophy of Fuchs. The 
only difference was that in these cases of sec 
ondary cornea guttata most of the hyaline 
excrescences were confluent with each other 
and arranged in lines or peculiar geographic 
patterns, We believe that the hyaline excres- 
cences of the cornea guttata in Fuchs corneal 
dystrophy are a pathologic secretion product 
of degenerating endothelial cells. In these 
cases of secondary cornea guttata the degen- 
eration of the endothelial cells probably is 
secondary to the old deep keratitis which was 
found in all our cases. We cannot as yet ex 
plain why this degeneration involves endo 
thelial cells in such peculiar patterns. It 
seems possible that deep blood vessels or sec 
ondary clearing lines may somehow induce 
the formation of the rows of guttae. It must 


be emphasized that it is one of the character 


Fig. 8 (Wolter and Larson) 


composed of many confluent hyaline excrescences o1 


Geographic pattern 


Descemet’s membrane of our first case of secondary 
cornea guttata in old keratitis. There are also many 
isolated guttae. (Transitional section of Descemet’s 
membrane, panoptic technique of del Rio Hortega, 


photomicrograph. ) 


CORNEA GUTTATA 167 


Fig. 9 (Wolter and Larson). Drawing recon 


struction of the lines and patterns of the secondary 


cornea guttata of the right eye of the second case 


as seen with the slitlamp 


istics of Fuchs corneal dystrophy that the 
hyaline excrescences are isolated and usually 
do not become confluent. Fuchs corneal dys 
trophy is three times as common in females 
as in males.* In this respect it may be noted 
that all our cases of secondary cornea guttata 


were seen in females. The fact that in our 


Drawing recon 


Larson) 
struction of the lines and patterns of the secondary 


Fig. 10 (Wolter and 


cornea guttata of the left eye of the third case as 
seen with the slitlamp 


— 
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Drawing re 


Fig. 11 (Wolter and irs 


struction of the lines and the pe of single 
formation of secondar orne euttata in the right 
eve of the ur see e slitla Ip 


Case 4 this secondary cornea guttata was ob 


served unilaterally is of some importance 
since this further indicates the secondary na 
ture of this finding. Primary cornea guttata 
of Fuchs dystrophy is usually bilateral. 
Che 
The 


demonstration of the cornea guttata showed 


present paper has its shortcomings 


first case which allowed for a histologic 


such a dense scarring of the stroma that the 
guttae could not be seen clinically, And in the 
other cases where the secondary cornea 


guttata was seen clinically the cornea could 
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ly However, 


be 


after studying many cases of primary cornea 


not examined histological 


guttata of the Fuchs type clinically as well 
as histologically, we are quite certain that the 
case that was studied histologically ind the 
cases which were seen only clinically are of 
the same entity. We would like to call the 
finding of this peculiar geographic guttat 
corneal dystrophy “secondary 
tata.” 

It is possible that all the cases of this papet 
In 


were cases of luetic interstitial keratitis 


two cases, however, we cannot be sure of that 


All 


is that all these cases with secondary cornea 


diagnosis we want to say at this time 


guttata exhibited an old keratitis which in 
volved the deep corneal stroma. We hope 
that further studies may reveal additional 
facts about the nature and occurrence ¢ f se 
ondary cornea guttata 


MMARY 


The finding of a secondary type of cornea 
guttata is described histologically and clin 


cally. The hyaline excrescences in secondary 
cornea guttata are arranged in lines and geo 
graphic figures. Secondary cornea guttata 


Pri 


hs dystrophy 


was found in cases of old de P keratitis 


mary cornea guttata in Fu 


discussed for comparison 


University Medical Center 


NCES 

ikr skopi¢ les vordere Bulbusabscl ttes. A 
Ophth., 76:478, 1910 

lial dvystr pl t the corne I | Up G } 
1u guttata) wit ep 

litv in senili Am. |. Opht 27 :232, 1944 

1es, tror posium on corneal diseases ] \ 
mel ite i ] plic tions Op Noe 
ous eratopat Arc] Opht 56:339 ) 
Endothel 1 epith 
Histoy é é epithe 

Am. J. 46-297. 1958 


% 
= 
6. Degen 
10. Chi, H. H., Teng, C. | Katzin, H. M 
lystrophy of the me \ On 45-518 1958 
ll. Klien, B. A Fux epithe stropl 6 4 


PATHOLOGY OF 


CORNEA GUTTATA 


169 


12. Wolter, J. R., and Henderson, J. W.: Cornea guttata. Klin. Monatsbl. f. Augenh., 131:725, 1957. 
13. Theodore, F. H.: Congenital type of endothelial dystrophy. Arch. Ophth., 21:626, 1939 
14. Scharenberg, K., and Zeman, W Zur Technik und zur Leistungs—fahigkeit der Hortega’schen 
Silberkarbonatmethoden. Arch. Psychiat., 188:430, 1952 
15. Duke-Elder, W. S.: Text book of Ophthalmology. St. Louis, Mosby, 1940, v. 2, pp. 1875, 1976 
16. Lloyd, R. I.: Tuberculosis of the eye. Am. J. Ophth., 13:753, 1930 
THE EFFECT OF SYMPATHOMIMETIC DRUGS UPON THE 


AMPLITUDE OF 


Biccs,* M.D.., 


DoNALD R. 


Ropert D 


Ann Arbor, 


In 1937 Cogan' presented a comprehensive 
analysis of the importance of the sympathetic 
nervous system in the accommodative proc 
ess. This stimulated a number of physiologic 


of mammalian 


experiments upon a variety 
preparations. The present experiments were 
designed to expand upon Cogan’s original 
observations of the effects of sympathomi 
metic drugs upon the accommodative process 


of the human eye 


METHOD 


[wo different procedures were employed 


to the in accommodation 


brought on by these drugs. The first of these 


study changes 
employed a stigmatoscope which presented a 
single spot of light viewed on an ophthalmic 
letter chart (84.5 ft.-L). The ad 
justed to sharpest focus by a procedure out 


spot was 


and in this way 
of the 


lined in detail elsewhere, 


the conjugate focus to the retina 
accommodating eye was ascertained. By plac 
ing lenses before the eye and requiring the 
observer to resolve the details of the letter 
chart while adjusting the stigmatoscope to its 


sharpest focus, it is possible to measure the 


accommodative response to a variety of ac 

*From the Departments Ophthalmology and 
Pharmacology, University Michigan. This in 
vestigation was supported in part by U.S.P.H.S 
(srant No 2B 5163 Presente | hefore the East 
Central Section, Cincinnati, Ohio, January 5, 1959 

' Ophthalmological trainee, National Institutes of 
Health 

Senior research fellow, National Institutes 
Healt! 
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commodative stimuli over a wide range. In 
this way the far and near points of accom- 
modation could be ascertained as well as the 
effectiveness of a given lens in evoking are 
All measurements were made while 
a2 


sponse 
viewing through .O-mm. artificial pupil. 
The second procedure employed the sub 
jective Badal optometer in order to measure 
the near point of accommodation. This in 
strument of 
bench with a 2.0 mm. artificial pupil placed 


consists a calibrated optical 
at the anterior focal point of a strong (8.0D.) 
plus lens. A minus lens (5.5D.) is placed 
immediately in front of the artificial pupil to 
keep the test target within a convenient 
range. Standard overhead lighting was used 
to illuminate the target. This was a series of 
horizontal black and white bar grating (each 
with narrower separation than the one above 


it). The 4.80 ft.-L. 


The system has the advantage that changes 


chart luminance was 
in position of the target have no effect at 
all upon either its brightness or its appar 
ent size, 

Topically administered drugs were in- 
stilled every two minutes for a total of eight 
drops. The lacrimal sac was occluded with 
the finger. Subconjunctival injection was 
performed after topical 0.5-percent tetra 
caine anesthesia. Drugs administered were 

1. Ten-percent phenylephrine hydrochlo 

ride solution (neosynephrine ) 
Two-percent epinephrine _ bitartrate 
( Epitrate ) 
3. Four-percent epinephrine bitartrat 


MATHEW 
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4. One/one thousand epinephrine hydro 
chloride (for injection ) 


hydro- 


One-percent cyclopentolate 


chloride ( Cy logy] 
6. Five-percent homatropine hydrobro 
mide 
lidocaine 


7. Two percent hydrochloride 


Xy lo« aine } 


RESULTS AND COMMENT 


In the first subject (M. A.) five-percent 


homatropine was instilled intensively until 


the eye was no longer able to accommodate 


(fig. 1). The recession of the far-point was 


one diopter more than could be obtained by 


stimulating the eye with plus lenses alone 


When the eye was injected subconjunctivally 
with 0.2 cc. of 1/1,000 epinephrine hydro 


a marked decrease in the 


amplitude of accommodation 


chloride, there was 
The effect was 
most marked at the near-point and amounted 
loss of accommodation on both 


to a 2.5D 
the optometer and stigmatoscope (figs. 1 and 
2) At the 
dramatic, amounting to only 0.5D. to 0.75D 
of 1/1,000 epi- 
nephrine hydrochloride in a second subject 
(R. D 
dative amplitude with all the change o« 
Again the 


far-point the change was less 


An injection of 0.15 c 


B.) caused a 2.5D. loss of accommo 


curring at the near-point max! 


mum effect was 30 minutes after injection 
( hig, 3).* 

In each subject the slope of the stimulus 
(within limi 


response curve ts of the ability 


of the eye to respond) was essentially un 
changed by the epinephrine 
When the 0.2 cx 


was combined with an equal volume of two 


of 1/1,000 epinephrine 


percent lidocaine,’ a 5.0D. to 6.0D. loss of 

* Since the effects were so transient, it was not 
possible to study the accommodative-convergenc¢ 
relationships as reported | Christoferson and 
Ogle,* Sabin and Ogle,’ and Alpert 

*t Pharmacologic properties of lidocaine which are 
of importance in its apparent enhancement of the 
epinephrine effect include:" 1 Local anesthetic 
action (blocking of nerve conduction and depression 


»f the muscle fiber itself) ; pine like qualities ; 


3. antihistaminic activity. 
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accommodation was noted ( fig. 2). The onset 
was apparent in 10 minutes and the marked 
effect lasted a full hour ( hg 3). In spite of 
the marked 


latent hyperopia never exceeded that which 


change at the near-point the 


could be revealed by repeated instillations of 
one-percent cyclopentolate ( fig 2). 

In Figures 1 and 2 the point of interest 
with regard to the far-point is that strong 
sympathomimetic stimulation of the eye does 
not cause recession of the far-point as much 
as that caused by parasympathetic blocking 
alone (with homatropine or Cyclogyl). These 
findings are similar to those of Hartgraves 
and Kronfeld® who found that subconjunc 
tival epinephrine did not increase the refrac 
tion over the manifest findings, but that topi 
cal atropine did 

Currently, there have been suggestions by 
Siebeck,® Morgan,*® and others that accom 
modation for distances greater than 0.75D. is 
negative while that for distances nearer than 
0.75D. is positive. It is also postulated that 
negative accommodation is mediated via the 
sympathetic nervous system and positive ac 
commodation is mediated via the parasympa 
thetic nervous system. This value of 0.75D 


has been related by some authors to the de- 
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a ® & * 42-57 MINS. AFTER INJECTION OF EPINEPHRINE 
7 * AFTER TOPICAL HOMATROPINE 

a 
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ACCOMMODATION RESPONSE 
T 


and Bennett). The effects 


Fig. 1 gs, Alpern, 


of topical homatropine and the subcon 


junctival u 
jection of epinephrine upon the stigmatoscopic de 
accommodation response evoked 


right eye (M. A.) 


terminations I 


tne 
by various lenses before the 


2 +2 +4 +6 +8 
ACCOMMODATION STIMULUS 


AMPLITUDE OF 


gree of myopia in space and nocturnal my- 
Opla However, the data pres nted here would 
also emphasize that relaxation of the para 
sympathetic tonus is essential in obtaining 
this so-called negative accommodation. 
Whether one chooses to explain the effect 
of the sympathetic nervous system upon the 
vascular change 


ciliary body as a result of 


(Fleming™) or as a result of direct stimu 


lation of a portion of the musculature 


(Ce gan’), the reason that the effect is so 
much greater at the near-point than at the 
In either 


fact 


far-point must be explained 
that at 
the 


the explanation may lie in the 


the far-point the mechanical limit of 


system is approached. The lens may be un 
able to flatten beyond the state in which it is 
found in “complete cycloplegia.” 

Figure 3 demonstrates the changes at the 
near-point of accommodation recorded on the 
times fol 


subjective optometer for various 


lowing injection. The effects were prompt, 
but transient, having returned to normal by 


No effect 


injected eve Che 


two hours was noted in the non 
changes recorded on the 
optometert correlated well with those in the 
stiigmatoscope. 


Unfortunately, subconjunctival injections 


@ = 25-40 MINS. AFTER INJECTION OF EPINEPHRINE + LIDOCAINE 

a a 4+ 77-97 MINS AFTER INJECTION OF EPINEPHRINE + LIDOCAINE 
«* AFTER TOP Y PENT ATE 
w 
2 
44 
ws 
a 
z 

a 
2 
—— 
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ACCOMMODATION STIMULUS PTER 

Fig. 2 (Biggs, Alpern, and Bennett). The effects 
of topical cyclopentolate a subconjunctival injec 
tion of epinephrine plus lidocaine on the stigmato 


determinations of the accommodation re 


scopi 


1 
eye 


sponse evoked by various lenses before the 
(R. D. B.) 
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une RIGHT EYE OF ROB AFTER EPINEPHRINE 


A eee RIGHT EYE OF MA. AFTER EPINEPHRINE 
= . mee LEFT EYE OF ROB AFTER EPINEPHRINE PLUS LIDOCAINE 
2 1 
2 

6 
< 
2¢4r 
3} Subdconjunctiva! 
« Injection 
i i. i. i 
z 

20 40 60 100 
TIME (MINUTES) 

Fig. 3 (Biggs, Alpern, and Bennett). Change in 

the near-point of accommodation as measured by 


the subjective optometer at various time intervals 


following the injection of epinephrine 

left the eye markedly infected and caused 
low grade iritis in each instance. Therefore, 
further attempts to induce changes in ac 
commodation were made only with topical 
the Intensive ad 


administration of drug 


ministration of a 10-percent solution of 


phenylephrine hydrochloride—one drop 
every two minutes for a total of eight drops 

caused a recession of the near-point aver 
aging 0.66D. in five subjects. The effect was 
noted in each case 30 minutes after instilla 
tion began and had disappeared in two hours 
(fig. 4). Mydriasis was marked by 30 to 40 
minutes but lasted long after accommodation 


O% PHENYLEPHRINE IN 5 SUBJECTS 
4% EPINEPHRINE BITARTRATE IN 2 SUBJECTS 
2 % EPINEPHRINE BITARTRATE IN 3 SUBJECTS 


Period of intense 
topice! administration 


NEAR POINT OF ACCOMMODATION (DIOPTERS) 


° 20 40 60 80 100 


TIME (MINUTES) 


Fig. 4 (Biggs, Alpern, and Bennett). The effect 
of topical application of certain sympathomimetic 
igents on the near-point of accommodation as meas 


ured by the 


intervals following drug administration 


subjective optometer at various time 
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returned to normal When the drops were 


15 minutes, it was 


effect 


administered once every 


difficult to demonstrate any on accom 


modation, 

Phenylephrine contains only the vasocon- 
strictor phase of the sympathomimetic group 
of drugs Epinephrine contains both vasocon 
stricting and vasodilating potential but its 
pressor effect is many times greater than 
phenylephrine. A two-percent epinephrine 


bitartrate solution, used intensively as with 


phenylephrine, produced an average reces 
sion of the near point of O.5D. in three 
subjects (fig. 4). A mydriasis of approxi 
mately two mm. was produced 


When the 


was increased to four percent, the stinging 


concentration of epinephrine 


sensation was so marked that the lacrimation 


RN AND DONALD R. BENNETT 


SUM MARY 


Subconjunctival injection of epinephrine 
a marked loss of accom 
all the 

This 


effect was prompt, but quite transient. This 


was shown to cause 
modative amplitude with virtually 


change occurring at the near-point 


sympathomimetic stimulation could not cause 
a recession of the far-point as much as that 
caused by parasympathetic blocking alone 

Che loss in accommodative amplitude was 
effected without change in the slope to the 
stimulus-response curve within limits of the 
ability to respond 

Intensive topical administration of pheny! 
ephrine hydrochloride and epinephrine bi 
tartrate caused only a slight recession of the 
near-point No effect 


levels which the clinician might employ for 


was noted at dosage 


was profuse. Accommodative loss was in refraction purposes 
significant 1313 East Ann Street 
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